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DF.SCR1PT1QN 

Nl IC] F.IC ACID V ACCINFS AGAINST 
RICKETTSIAL D1SEASF.S AND M ETHODS OF USE 

This invention was made with government support under USAID Grant No. LAG- 1 328- 
G-00-3030-00. The government has certain rights in this invention. 

Technical Field 

This invention relates to nucleic acid vaccines for rickettsial diseases of animals, 
inc ludiiiii humans. 



Background of the Invention 
The rickettsiasare a group of small bacteria commonly transmitted by arthropod vectors 
1 5 to man and animals, in which they may cause serious disease. The pathogens causing human 

rickettsial diseases include the agent of epidemic typhus. Rickettsia prowazekii. which has 
resulted in the deaths of millionsofpeopleduring wartime and natural disasters. The causative 
agents of spotted fever, e.g.. Rickettsia rickettsii and Rickettsia couorii. are also included within 
this group. Recently, new types of human rickettsial disease caused by members of the tribe 
20 Ehrlichiae have been described. Ehrlichiae infect leukocytes and endothelial cells of main 

different mammalian species, some of them causing serious human and veterinary diseases. 
Over 400 cases of human ehrlichiosis, includingsome fatalities, caused by Ehrlichia chqffeemis 
have now been reported. Clinical signs of human ehrlichiosis are similar to those of Rocks 
Mountain spotted fever, including fever, nausea, vomiting, headache, and rash. 

Heartwater is another infectious disease caused by a rickettsial pathogen, name]} 
Cowdria rummantium. and is transmitted by ticks of the genus Amhlvomma. The disease occurs 
throughout most of Africa and has an estimated endemic area of about 5 million square miles. 
In endemic areas, heartwater is a latent infection in indigenous breeds of cattle that have been 
subjected to centuries of natural selection. The problems occur where the disease contacts 
30 susceptible or naive cattle and other ruminants. Heartwater has been confirmed to be on the 

island of Guadeloupe in the Caribbean and is spreadingthrough the Caribbean Islands. The tick 
vectors responsible for spreading this disease are already present on the American mainland and 
threaten the livestock industry in North and South America. 
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In acute cases of heartwater. animals exhibit a sudden rise in temperature, signs of 
anorexia, cessation of rumination, and nervous symptoms including staggering, muscle 
twitching, and convulsions. Death usually occurs during these convulsions. Peracuie cases of 
the disease occur where the animal collapses and dies in convulsions having shown no 
preliminary symptoms. Mortality is high in susceptible animals. Angora sheep infected with 
the disease have a 90% mortality rate while susceptible cartle strains have up to a 60% mortality 
rate. 

If detected early, tetracycline or chloramphenicol treatment are effective against 
rickettsial infections, but symptoms are similar to numerous other infections and there arc no 
satisfactory diagnostic tests (Helmick. C. K. Bernard. L. D'Angelo [1984] J. Infect. Dis. 
150:480). 

Animals which have recovered from heartwaterare resistant to further homologous, and 
in some cases heterologous. strain challenge. It has s.milarly been found that persons recovering 
from a rickettsial infection may develop a solid and lasting immumty. Individuals recovered 
from natural infections are often immune to multiple isolates and even species. For example, 
guinea pigs immunized with a recombinant R. conorii protein were partially protected even 
against/?. r/dteto/VrVishwanath. S., G. McDonald. N. Watkins [1990] Infect. Immun 58:646). 
It is known that there is structural variation in rickettsial antigens between different geographical 
isolates. Thus, a functional recombinantvaccineagainst multiple isolates would need to contain 
multiple epitopes, e.g., protective T and B cell epitopes, shared between isolates. It is believed 
that serum antibodies do not play a significant role in the mechanism of immunity against 
ricketts.a(Uilenberg.G. [\9S3] Advances in Vet. Sc. and Comp. Med 27:427-480: Du Pless.s. 
Plessis. J.L. [1970] Onderstepoort J. Vet. Res. 37(3): 1 47- 1 50). 

Vaccines based on inactivated or attenuated rickettsiae have been developed against 
certain rickettsial diseases, for example against R. proMuzekii and R. rickettsii. However, these 
vaccines have major problems or disadvantages, including undesirable toxic reactions, difficulty 
in standardization.and expense ( Woodward. T. [1981 ] ••Rickettsial diseases: certain unsettled 
problems in their historical perspective." In Rickettsia and Rickettsial Diseases. W. Burgdorfer 
and R. Anacker. eds.. Academic Press. New York. pp. 17-40). 

A vaccine currently used in the control of heartwater is composed of live infected sheep 
blood. This vaccine also has several disadvantages hirst, expertise is requ.red for the 
intravenous inoculation techniques required to administer this vaccine. Second, vaccinated 
animals may experience shock and so require daily monitoring for a period after vaccination 
There is a possibility of death due to shock throughout this monitoring period, and the drug> 
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needed to treat any shock induced by vaccination are costly. Third, blood-borne paras.tes mas 
be present in the blood vaccine and be transmitted to the vaccinates. Finally, the blood vaccine 

requires a cold chain to preserve the vaccine. 

Clearly, a safer, more effective vaccine that is easily administered would be particular!) 

advantageous. For these reasons, and with the advent of new methods in biotechnology 
investigators have concentrated recently on the development of new types of vaccines, including 
recombinant vaccines. However, recombinant vaccine antigens must be carefully selected and 
presented to the immune system such that shared epitopes are recognized. These factors have 
contributed to the search for effective vaccines 

A protective vaccine against rickettsiaethat elicits a complete immune response can be 
advantageous. A few antigens which potentially can be useful as vaccines have now been 
identified and sequenced for various pathogenic rickettsia. The genes encoding the antigens and 
that can be employed to recombinant!? produce those antigen have also been identified and 
sequenced. Certain protective antigens identified fori?. nckettsiuR. conorii. and R. prowazekii 
(e.g. . rOmp A and rOmpB) are large (> 1 00 kDa ). dependent on retention of native conformation 
for protective efficacy, but are often degraded when produced in recombinant systems. This 
presents technical and quality-control problems if purified recombinant proteins are to be 
included in a vaccine. The mode of presentation of a recombinantantigen to the immune system 
can also be an important factor in the immune response. 

Nucleic acid vaccination has been show n to induce protective immune responses in non- 
viral systemsand in diverse animal species (Special Conference Issue. WHO meeting on nucleic 
acid vaccines [1994] Vaccine 12:1491). Nucleic acid vaccination has induced cytotoxic 
lymphocyte (CTL). T-helper 1. and antibody responses, and has been shown to be protective 
against disease (Ulmer. J.. J. Donelly. S. Parker e, al. { 1 993] Science 259: 1 745 ). For example, 
direct intramuscular injection ofm.ee with DNA encoding the influenza nucleoprotein caused 
the production of high titer antibodies.nucleoprotein-specificCTLs. and protection against viral 
challenge. Immunization of mice with plasmid DNA encoding the Plasmodium voelii 
circumsporozoite prote.n induced high antibody titers against malaria sporozoitesand CTLs. and 
protection aga.nst challenge infection (Sedegah. M. R. Hedstrom. P. Hobart. S. Hoffman [ 1 994] 
Proc. Sail. Acad. Set. USA 91:9866). Cattle immunized with plasmids encoding bovine 
herpesvirus 1 (BHV-1) glycoprotein IV developed neutralizing antibody and were partially 
protected (Cox. G.. T. Zamb. L. Babiuk [1993] ./ Virol. 67:5664). However, it has been a 
question in the field of immunization whether the recently discovered technology of nucleic acid 
vaccines can provide improved protection against an antigenic drift variant. Moreover, it has 
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not heretofore been recognized or suggested that nucleic acid vaccines may be successful to 
protect against rickettsial disease or that a major surface protein conserved in rickettsia was 
protective against disease. 

Brief Summary of the Invention 
Disclosed and claimed here are novel vaccines for conferring immunity to rickettsia 
infection, including Cowdriarummantium causing heartwater. Also disclosed are novel nucleic 
acid compositions and methods of using those compositions, including to confer immunity in 
a susceptible host. Also disclosed are novel materials and methods for diagnosing infections b\ 
Ehrlichia in humans or animals. 

One aspect of the subject invention concerns a nucleic acid. e.g.. DNA or mRNA. 
vaccine containing the major antigenic protein 1 gene (MAPI ) or the major antigenic protein 
2 «ene(MAP2) of rickettsial pathogens. In one embodiment, the nucleic acid vaccines can be 
driven by the human cytomegalovirus(HCM V) enhancer-promoter. In studies immunizingmice 
by intramuscular injection of a DNA vaccine composition according to the subject invention, 
immunized mice seroconverted and reacted with MAPI in antigen blots. Splenocytes from 
immunized mice, but not from control mice immunized with vector only, proliferated in 
response to recombinant MAPI and rickettsial antigens in in vitro lymphocyte proliferation tests. 
In experiments testing different DNA vaccine dose regimens, increased survival rates as 
compared to controls were observed on challenge with rickettsia. Accordingly, the subject 
invention concerns the discovery that DNA vaccines can induce protective immunity against 
rickettsial disease or death resulting therefrom. 

The subject invention further concerns the genes designated Cowdna ruminammm map 
2. Cowdria ruminammm JhworfS. Cowdria ruminammm 4h\vorfL Cowdriu ruminammm 
18InvorfL and Cowdria ruminammm 3gdorf3 and the use of these genes in diagnostic and 
therapeutic applications. The subject invention further concerns the proteins encoded by the 
exemplified genes, antibodies to these proteins, and the use of such antibodies and proteins in 
diagnostic and therapeutic applications. 

In one embodiment of the subject invention, the polynucleotide vaccines are 
administered in conjunction with an antigen. In a preferred embodiment, the antigen is the 
polypeptide which is encoded b> the polynucleotideadministered as the polynucleotide vaccine. 
As a particularly preferred embodiment, the antigen is administered as a booster subsequent to 
the initial administration of the polynucleotide vaccine. 
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Brief Description of the Drawings 

Figures 1A-1C show a comparison of the amino acid sequences from alignment of the 
three rickettsial proteins, namely. Cowdria rwmnanhum (C.r.). Ehrlichia chaffeensis (E.c. ). and 
Anaplasma marginale (A.m. ). 

Figures 2A-2C shows the DNA sequence of the 28 kDa gene locus cloned from E. 
chaffeensis (Fig. 2A-2B) and E. cams (Fig. 2C). One letter amino acid codes for the deduced 
protein sequences are presented below the nucleotide sequence. The proposed sigma-70-like 
promoter sequences(38) are presented in bold and underlined text as -1 0 and -35 (consensus -35 
and -10 sequences are TTGACA and TATA AT. respectively). Similarly, consensus ribosomal 
binding sites and transcription terminator sequences (bold letter sequence)are identified. G-rich 
regions identified in the E chaffeensis sequence are underlined. The conserved sequences from 
within the coding regions selected for RT-PCR assay are identified with italics and underlined 
text. 

Figure 3A shows the complete sequence of the MAP2 homologof Ehrlichia cams. The 
arrow (-*) represents the predicted start of the mature protein. The asterisk (*) represents the 
stop codon. Underlined nucleotides 5' to the open reading frame with -35 and -10 below 
represent predicted promoter sequences. Double underlined nucleotides represent the predicted 
ribosomal binding site. Underlined nucleotides 3' to the open reading frame represent possible 
transcription termination sequences. 

Figure 3B shows the complete sequence of the MAP2 homologof Ehrlichia chaffeensis. 
The arrow (-*) represents the predicted start of the mature protein. The asterisk (*) represents 
the stop codon. Underlined nucleotides 5' to the open reading frame with -35 and -10 below 
represent predicted promoter sequences. Double underlined nucleotides represent the predicted 
ribosomal binding site. Underlined nucleotides 3' to the open reading frame represent possible 
transcription termination sequences. 

Brief Description of the Sequences 
SEQ ID NO. 1 is the coding sequence of the MAPI gene from Cowdria rnminantwm 
(Highway isolate). 

SEQ ID NO. 2 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 1 . 
SEQ ID NO. 3 is the coding sequence of the MAP] gene from Ehrlichia chaffeensis. 
SEQ ID NO. 4 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 3. 
SEQ ID NO. 5 is the Anaplasma margmale MSP4 gene coding sequence. 
SEQ ID NO. 6 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 5. 
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SEQ ID NO. 7 is a partial coding sequence of the VSA1 gene from Ehrlichia 
chajffeemis. also shown in Figures 2A-2B. 

SEQ ID NO. 8 is the coding sequence of the VSA2 gene from Ehrlichia chaffeensis. 

also shown in Figures 2A-2B. 
5 SEQ ID NO. 9 is the coding sequence of the VSA3 gene from Ehrlichia chaffeensis. 

also shown in Figures 2A-2B. 

SEQ ID NO. 10 is the coding sequence of the VSA4 gene from Ehrlichia chaffeensis. 

also shown in Figures 2A-2B. 

SEQ ID NO. 11 is a partial coding sequence of the VSA5 gene from Ehrlichia 
10 chaffeemis. also shown in Figures 2A-2B. 

SEQ ID NO. 12 is the coding sequence of the VSA1 gene from Ehrlichia cams, also 

shown in Figure 2C. 

SEQ ID NO. 13 is a partial coding sequence of the VSA2 gene from Ehrlichia cams. 
also shown in Figure 2C. 

] 5 SEQ ID NO. 14 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 7, 

also shown in Figures 2A-2B. 

SEQ ID NO. 15 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 8. 

also shown in Figures 2A-2B. 

SEQ ID NO. 16 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 9. 

20 also shown in Figures 2A-2B. 

SEQ ID NO. 17 is the polypeptide encoded by the polynucleotide of SEQ ID NO 10. 

also shown in Figures 2A-2B. 

SEQ ID NO. 18 is the polypeptide encoded by the polynucleotide of SEQ ID NO 11. 

also shown in Figures 2A-2B. 
05 SEQ ID NO. 19 is the polypeptide encoded by the polynucleotide of SEQ ID NO 12. 

also shown in Figure 2C. 

SEQ ID NO. 20 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 1 3. 

also shown in Figure 2C. 

SEQ ID NO. 21 is the coding sequence of the MAP2 gene from Ehrlichia cams, also 

30 shown in Figure 3A. 

SEQ ID NO. 22 is the coding sequence of the MAP2 gene from Ehrlichia chaffeemis. 

also shown in Figure 3B. 

SEQ ID NO. 23 is the polypeptide encoded b> the polynucleotide of SEQ ID NO. 2 1 . 

also shown in Figure 3 A. 
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SEQ ID NO. 24 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 22. 

also shown in Figure 3B. 

SEQ ID NO. 25 is the coding sequence of the map2 gene from Cowdria ruminantium. 
SEQ ID NO. 26 is the polypeptide encoded by the polynucleotide of SEQ 1 D NO. 25 
SEQ ID NO. 27 is the coding sequence of the ihworft gene from Cowdria ruminantium 
SEQ ID NO. 28 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 27 
SEQ ID NO. 29 is the coding sequence of the 4hworfl gene from Cowdria 

rum in ant in tn. 

SEQ ID NO. 30 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 29 
SEQ ID NO. 31 is the coding sequence of the 18hworfl gene from Cowdria 
rwninantium. 

SEQ ID NO. 32 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 3 1 
SEQ ID NO. 33 is the coding sequence of the 3gdorJ3 gene from Cowdria ruminant mm. 
SEQ ID NO. 34 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 33. 



Detailed Disclosure of the Invention 
In one embodiment, the subject invention concerns a novel strategy , termed nucleic acid 
vaccination, for eliciting an immune response protective against rickettsial disease. The subject 
invention also concerns novel compositions that can be employed according to this novel 
20 strategy for eliciting a protective immune response. 

According to the subject invention, recombinant DNA or mRNA encoding an antigen 
of interest is inoculated directly into the human or animal host where an immune response is 
induced. Prokaryotic signal sequences may be deleted from the nucleic acid encoding an antigen 
of interest. Advantageously, problems of protein purification, as can be encountered with 
25 antigen delivery using live vectors, can be virtually eliminated by employing the compositions 

or methods accordingto the subject invention. Unlike live vector delivery, the subject invention 
can provide a further advantage in that the DNA or RNA does not replicate in the host, but 
remains episomal. See. for example. Wolff. J.A.. J J. Ludike. G. Acsadi. P. Williams. A. Jam 
(]992) Hum. Mol. Genet. 1:363. A complete immune response can be obtained as recombinant 
30 antigen is synthesized intracellularlyand presented to the host immune sy stem in the context of 

autologous class I and class I! MHC molecules. 

In one embodiment, the subject invention concerns nucleic acids and compositions 
comprising those nucleic acids that can be effective in protecting an animal from disease or 
death caused by rickettsia. For example, a nucleic acid vaccine of the subject invention has been 



BNSDOCID: <WO 0065063 A2 I 



WO 00/65063 



PCT/US00/I0886 



10 



shown to be protective against Cowdna ruminantium. the causative agent of headwater in 
demesne ruminants. Accordingly, nucleotide sequences of rickettsial genes, as described herein, 
can be used as nucleic acid vaccines against human and animal rickettsial diseases 

In one embodiment of the subject invention, the polynucleotide vaccines are 
administered in conjunction with an antigen. In a preferred embodiment, the antigen is the 
polypeptide wh.ch is encoded by the polynucleotideadministered as the polynucleotide vaccine 
As a particularly preferred embodiment, the antigen is administered as a booster subsequent to 
the initial administrationof the polynucleotidevaccine. In anotherembodiment of the invention, 
the polynucleotidevaccine is administered in the form of a •cocktail" which contains at least two 
of the nucleic acid vaccines of the subject invention. The - cocktail" may be administered in 
conjunction with an antigen or an antigen booster as described above. 

The MAPI gene, which can be used to obtain this protection, is also present in other 
nckensme >nc\ud\n2Anaplasmamarxmale. Ehrlichia cams, and in a causative agent of human 
ehrlichiosis. Ehrlichia chaffeensis (van Vliet. A.. F. Jongejan. M. van Kleef. B. van der Zeijst 
15 [1994] Infect, lnwwn 62:1451). The MAPI gene or a MAPI-like gene can also be found in 

certain Rickettsia spp. MAP I -like genes from Ehrlichia chaffeensis and Ehrlichia cams have 
now been cloned and sequenced. These MAP- 1 homologsare also referred to herein as Variable 
Surface Antigen (VSA ) genes. 

The present invention also concerns polynucleotides encoding MAP2 or MAP2 
20 homologs from Ehrlichia canis and Ehrlichia chaffeensis. MAP2 polynucleotide sequences of 

the invention can be used as vaccine compositionsand in diagnostic assays. The polynucleotides 
can also be used to produce the MAP2 polypeptides encoded thereby. 

The subject invention further concerns the genes designated Cowdna ruminantium map 
2. Cowdna ruminantium JhworfS. Cowdna ruminantium -fhworfl. Cowdna rtiminamium 
25 J8hworfJ. and Cowdna rwmnantiwn 3gdorf3 and the use of these genes in diagnostic and 

therapeutic applications. The subject invention further concerns the proteins encoded by the 
exemplified genes, antibodies to these proteins, and the use of such antibodies and proteins in 
diagnostic and therapeutic applications. 

Compositions comprising the subject polynucleotides can include appropriate nucleic 
30 acid vaccine vectors (plasm ids), which are commercially available (e.g.. Vical.San Diego. CA). 

In addition, the compositionscan include a pharmaceut.callyacceptable carrier, e.g.. saline. The 
pharmaceutical^ acceptable carriers are well known in the art and also are commercial 
available. For example, such acceptable earners are described in FAY. Martin's Remingtons 
Pharmaceutical Science. Mack Publishing Companv. Easton. PA 
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The subject invention also concerns polypeptides encoded by the subject 
polynucleotides. Specifically exemplified arc the polypeptidesencoded by the MAP-1 and VSA 
genes of C rumimontium. E. chaffeensis. E. cams and the MP4 gene of Anaplasma marginalc. 
Polypeptides uncoded by E. chaffeensis and E. cams MAP2 genes are also exemplified herein. 

Also encompassed within the scope of the present invention are fragments and variants 
of the exemplified polynucleotides and polypeptides, f ragments would include, for example, 
portions of the exemplified sequences wherein procaryotic signal sequences have been removed. 
Examples of the removal of such sequences are given in Example 3. Variants include 
polynucleotides and/or polypeptides having base or amino acid additions, deletions and 
substitutions in the sequence of the subject molecule so long as those variants have substantial!) 
the same activity or serologic reactivity as the native molecules. Also included are allelic 
variants of the subject polynucleotides. The polypeptides of the present invention can be used 
to raise antibodies that are reactive with the polypeptidesdisclosed herein. The polypeptidesand 
polynucleotides can also be used as molecular weight markers. 

Another aspect of the subject invention concerns antibodies reactive with MAP-1 and 
MAP2 polypeptidesdisclosed herein. Antibodies can be monoclonal or polyclonal and can be 
produced using standard techniques known in the art. Antibodies of the invention can be used 
in diagnostic and therapeutic applications. 

In a specific embodiment, the subject invention concerns a DNA vaccine (?.£.. 
VCL1 01 0/MAP1 Containing the major antigenic protein 1 gene (MAPI ) driven by the human 
cvtomegalovirus(HCMV) enhancer-promoter. In a specific example, this vaccine was injected 
intramuscularly into 8-10 week-old female DBA/2 mice after treating them with 50 Ml/muscle 
of 0.5% bupivacaine 3 days previously. Up to 75% of the VCLlOIO/MAPl-immunized mice 
seroconvertedand reacted with MAPI in antigen blots. Splenocytesfrom immunized mice, but 
not from control mice immunized with VCL1010 DNA (plasmid vector. Vical. San Diego) 
proliferated in response to recombinant MAPI and C. rwninantium antigens in in vara 
lymphocyte proliferation tests These proliferating cells from mice immunized with 
VCL10I0/MAP1 DNA secreted IFN-gammaand 1L-2 at concentrations ranging from 610 pg/ml 
and 152 pg/ml to 1290 pg/ml and 310 pg/ml. respectively. In experiments testing different 
VCLI010/MAP1 DNA vaccine dose regimens (25- 1 00 ug/dose. 2 or 4 immunizations).survival 
rates of 23% to 88% (35/92 survivors/total in all VCL1010/MAPI immunized groups) were 
observed on challenge with 30LD5O of C. ruminaiuium. Survival rates of 0% to 3% (1/144 
survivors/total in all control groups) were recorded for control mice immunized similarly with 
VCL10I0 DNA or saline Accordingly, in a specific embodiment, the subject invention 
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concerns the discovery that the gene encoding the MAPI protein induces protective immunit} 
as a DNA vaccine against rickettsial disease. 

The nucleic acid sequences described herein have other uses as well. For example, the 
nucleic acids of the subject invention can be useful as probes to identify complementary 
sequences within other nucleic acid molecules or genomes. Such use of probes can be applied 
to identify or distinguish infectious strains of organisms in diagnostic procedures or in rickettsial 
research where identificationof particular organisms or strains is needed. As is well known in 
the art. probes can be made by labeling the nucleic acid sequences of interest according to 
accepted nucleic acid labeling procedures and techniques. A person of ordinary skill in the art 
would recognize that variations or fragments of the disclosed sequences which can specificall} 
and selectively hybridize to the DNA of rickettsia can also function as a probe. It is within the 
ordinary skill of persons in the art, and does not require undue experimentation in view of the 
description provided herein, to determine whether a segment of the claimed DNA sequences is 
a fragment or variant which has characteristicsof the full sequence, e.g.. whether it specifically 
and selectively hybridizes or can confer protection against rickettsial infection in accordance 
with the subject invention. In addition, with the benefit of the subject disclosure describing the 
specific sequences, it is within the ordinary skill of those persons in the art to label hybridizing 
sequences to produce a probe. 

Various degrees of stringency of hybridization can be employed. The more severe the 
conditions, the greater the complementarity that is required for duplex formation. Severity of 
conditionscan be controlled by temperature, probe concentration, probe length, ionic strength, 
time, and the like. Preferably, hybridization is conducted under moderate to high stringencx 
conditions by techniques well known in the art. as described, for example, in Keller. G.H.. M.M. 
Manak (1987) DNA Probes. Stockton Press. New York. NY., pp. 169-170. 

Examples of various stringency conditions are provided herein. Hybridization of 
immobilized DNA on Southern blots with 32P-labeled gene-specific probes can be performed 
by standard methods ( Maniatis et al. (1982) Molecular Cloning: A Laboratory* Manual. Cold 
Spring Harbor Laboratory. New York ). In general, hybridization and subsequent washes can 
be carried out under moderate to high stringencx conditions that allow for detection of target 
sequences with homology to the exemplified polynucleotide sequence. For double-stranded 
DNA gene probes, hybridization can be earned out overnight at 20-25° C below the melting 
temperature (Tin ) of the DNA hybrid in 6X SSPE. 5X Denhardt's solution. 0. 1 % SDS. 0. 1 mg/ml 
denatured DNA. The melting temperature is described b\ the following formula (Belt/ et a! 
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er al. [1983] Methods of Enzymolog\\ R. Wu. L. Grossman and K. Moldave [eds.] Academic 
Press. New York 100:266-285). 

Tm-8 1 .5 d O 1 6.6 LogfNa+]+0.4 1 (%G-C)-0.6 1 (%formamide)-600/length of duplex in 
base pairs. 

Washes are typically carried out as follows: 

(1) twice at room temperature for 15 minutes in IX SSPE. 0.1% SDS (low 
stringency wash): 

(2) once at Tm-20 C C for 15 minutes in 0.2X SSPE, 0.1% SDS (moderate 
stringency wash). 

For oligonucleotide probes, hybridization can be carried out overnight at 10-20°C below the 
melting temperature (Tm) of the hybrid in 6X SSPE. 5X Denhardt's solution, 0.1% SDS. 0.1 
mg/ml denatured DNA. Tm for oligonucleotide probes can be determined by the following 
formula: 

Tm (°C)=2(number T/A base pairs) -r4(number G/C base pairs) (Suggs et al. [1981] 
ICN-UCLA Symp. Dev. Biol. Using Purified Genes, D.D. Brown [ed.]. Academic Press. New 
York. 23:683-693). 

Washes can be carried out as follows: 

(1) twice at room temperature for 15 minutes IX SSPE. 0. 1 % SDS (low stringency 
wash: 

(2) once at the hybridization temperature for 15 minutes in IX SSPE. 0.1% SDS 
(moderate stringency wash). 

In general, salt and/or temperature can be altered to change stringency. With a labeled 
DNA fragment >70 or so bases in length, the following conditions can be used: 
Low: 1 or2X SSPE. room temperature 

Lo\s: 1 or2X SSPE. 42°C 

Moderate: 0.2X or 1 X SSPE. 65 °C 
High: 0.1X SSPE. 65 C C. 

Duplex formation and stability depend on substantial complementarity between the two 
strands of a hybrid and. as noted above, a certain degree of mismatch can be tolerated. Therefore, 
the probe sequences of the subject invention include mutations (both single and multiple), 
deletions, insertions of the described sequences, and combinations thereof, wherein said 
mutations, insertions and deletions permit formation of stable hybrids with the target 
polynucleotide of interest. Mutations, insertions and deletions can be produced in a given 
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polynucleotide sequence in many ways, and these methods are known to an ordinarily skilled 
artisan. Other methods may become known in the future. 

It is also well known in the art that restriction enzy mes can be used to obtain functional 
fragments of the subject DNA sequences. For example. Ba/3 1 exonucleasecan be convenient!} 
used for time-controlled limited digestion of DNA (commonly referred to as "erase-a-base" 
procedures). See. for example. Maniatise/ al. (1982) Molecular Cloning: A Laboratory Manual 
Cold Spring Harbor Laboratory.New York: Weie/a/. (1983) J. Biol. Chem. 258:13006-13512. 

In addition.the nucleic acid sequencesof the subject invention can be used as molecular 
weight markers in nucleic acid analysis procedures. 

Followingare examples which illustrate procedures for practicingthe invention. These 
examples should not be construed as limiting. All percentages are by weight and all solvent 
mixture proportions are by volume unless otherwise noted. 

Example 1 

A nucleic acid vaccine construct was tested in animals for its ability to protect against 
death caused by infection with the rickettsia Cowdria ruminantium. The vaccine construct tested 
was the MAPI gene of C ruminantium inserted into plasm id VCL1 01 0(Vical. San Diego) under 
control of the human cytomegalovirus promoter-enhancer and intron A. In this study, seven 
groups containing 10 mice each were injected twice at 2-week intervals with either 100. 75. 50, 
or 25 us VCL1010/MAP1 DNA (V/M in Table 1 below), or 100. 50 ug VCL1010 DNA (V in 
Table 1 ) or saline (Sal.), respectively. Two weeks after the last injections. 8 mice/group were 
challenged with 30LD50 of C ruminantium and clinical symptoms and survival monitored. The 
remaining 2 mice/group were not challenged and were used for lymphocyte proliferation tests 
and cvtokine measurements. The results of the study are summarized in Tabic 1. below: 



Table 1 



100 ug 

V/M 



7d fig 
V/M 



50 ug 

V/M 



ug 
V/M 



100 ug 
V 



50 ug 
V 



Sal. 



Survived 



0 



0 
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The VCL1010/MAP1 nucleic acid vaccine increased survival on challenge in all groups, with 
a total of 20/30 mice surviving compared to 0/24 in the control groups. 

This study was repeated with another 6 groups, each containing 33 mice (a total of 1 98 
mice). Three groups received 75 u.g VCLI 01 0/MAP1 DNA or VCL1010 DNA or saline (4 
injections in all cases). Two weeks after the last injection. 30 mice/group were challenged with 
30LD50 of C. ruminanlium and 3 mice/group were sacrificed for lymphocyte proliferation tests 
and cytokine measurements. The results of this study are summarized in Table 2, below: 



Table 2 




V/M 2 inj. 


V 2 inj. 


Sal. 2 inj. 


V/M 4 inj. 


V 4 inj. 


Sal. 4 inj. 


Survived 


7 


0 


0 


8 


0 


1 


Died* 


Ji. J) 


30 


30 


22 


30 


29 



*In mice that died in both V/M groups, there was an increase in mean survival time of 
approximately 4 days compared to the controls (p<0.05). 

Again, as summarized in Table 2, the VCL1010/MAP1 DNA vaccine increased the 
numbers of mice surviving in both immunized groups, although there was no apparent benefit 
of 2 additional injections. In these two experiments, there were a cumulative total of 35/92 
(38%) surviving mice in groups receiving the VCL 1 0 1 0/M AP 1 DMA vaccine compared to 1/144 
(0.7%) surviving mice in the control groups. In both immunization and challenge trials 
described above, splenocytes from VCL1010/MAP1 immunized mice, but not from control 
mice, specifically proliferated to recombinant MAPI protein and to C. ruminamxvm in 
lymphocyte proliferation tests. These proliferating splenocytes secreted IL-2 and gamma- 
interferon at concentrations up to 310 and 1290 pg/ml respectively. These data show that 
protection against rickettsial infectionscan be achieved with a DNA vaccine. In addition, these 
experiments show MAPI -related proteins as vaccine targets. 

Example 2 - Cloning and sequence analysis of MAPI homologue genes of E. chaffeensis and 
£. cams 

Genes homologous to the major surface protein of C. nmmianimm MAPI were cloned 
from E. chaffeensis and E. cams by using PCR cloning strategies. The cloned segments 
represent a 4.6 kb genomic locus of E. chaffeensis and a 1 .6 kb locus of E. cams. DNA sequence 
generated from these clones was assembled and is presented along with the deduced amino acid 
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sequence in Figures 2A-2B (SEQ ID NOs. 7-1 1 and 14-18)and Figure2C (SEQ ID NOs. 12-13 
and 19-20). Significant features of the DNA include Five very similar but nonidentical open 
reading frames (ORFs) for E. chaffeensis and two very similar, nonidentical ORFs for the £. 
cams cloned locus. The ORFs for both Ehrlichia spp. are separated by noncoding sequences 
ranging from 264 to 3 1 0 base pairs. The noncoding sequences have a higher A+T content 
( 71 .6% for £ chaffeensis and 76.1% for E. cams) than do the coding sequences (63.5% for E. 
chaffeensis and 68.0% for E. cams). A G-rich region -200 bases upstream from the initiation 
codon. sigma-70-like promoter sequences, putative ribosome binding sites (RBS), termination 
codons. and palindromic sequences near the termination codons are found in each of the E. 
chaffeensis noncoding sequences. The E. cams noncoding sequence has the same feature except 
for the G-rich region (Figure 2C: SEQ ID NOs. 12-13 and 19-20). 

Sequence comparisons of the ORFs at the nucleotide and translated amino acid levels 
revealed a high degree of similarity between them. The similarity spanned the entire coding 
sequences, except in three regions where notable sequence variations were observed including 
some deletions/insertions(Variable Regions L II and 111 ). Despite the similarities.no two ORFs 
are identical. The cloned ORF 2, 3 and 4 of £. chaffeensis have complete coding sequences. 
The ORF1 is a partial gene having only 143 amino acids at the C-terminus whereas the ORF5 
is nearly complete but lacks 5-7 amino acids and a termination codon. The cloned ORF2 of E. 
cams also is a partial gene lacking a part of the C-terminal sequence. The overall similarity 
between different ORFs at the amino acid level is 56.0% to 85.4% for E. chaffeensis. whereas 
for £ canis it is 53.3%. The similarity of E. chaffeensis ORFs to the MAPI coding sequences 
reported for C. ruminantiwn isolates ranged from 55.5% to 66.7%. while for £ cams to 
ruminant mm it is 48.5% to 54.2%. Due to their high degree of similarity to MAPI surface 
antigen genes of C. rwmnamiwn and since they are nonidentical to each other, the £ chaffeensis 
and £. cams ORFs are referred to herein as putative Variable Surface Antigen ( VS A ) genes. The 
apparent molecular masses of the predicted mature proteins of £. chaffeensis were 2875 kDa 
for VSA2. 27.78 for VSA3. and 27.95 for VSA4. while £. cams VSA1 was slightly higher at 
29.03 kDa The first 25 amino acids in each VSA coding sequence were eliminated when 
calculating the protein size since they markedh resembled the signal sequence of C 
ruminanimm MAPI and presumably would be absent from the mature protein. 

The amino acid sequence derived from the cloned £. chaffeensis MAPI -like gene, and 
alignment w ith the corresponding genes of C. rummanuum and A. marginale is show n in Figure 
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Example 3 

A further aspect of the subject invention are five additional genes which give protection 
when formatted as DNA vaccines. These genes are Cowdria ruminantium map 2. Cowdria 
ruminantium Ihworfi. Cowdria ruminantium 4hworfI. Cowdria ruminantium J8hworfl . and 
5 Cowdria ruminantium 3gdorfi. The DNA and translated amino acid sequences of these five 

genes are shown in SEQ ID NOS. 25-34. 

There is published information showing that gene homologsof all five genes are present 
in other bacteria. For example, a homolog of map! is present in Anaplasma marginale. a 
homolog of Ihworfi is present in Brucella abortus, homologs of 4hworfl are present in 

10 Pseudomonas aeruginosa and Coxiella burnetii, and homologs of 18hworf] are present in 

Co.xiella burnetii and Rickettsia prowazekii. This can be revealed by a search of DNA and 
protein databases with standard search algorithms such as "Blast*". Based on the protective 
ability of these genes against Cowdria ruminantium and their presence in other bacterial 
pathogens, the subject invention further concerns the use of these genes, their gene products, and 

15 the genes and gene products of the homologs as vaccines against bacteria. This includes their 

use as DNA or nucleic acid vaccines or when formulated in vaccines employing other methods 
of delivery, e.g.. recombinant proteinsor synthetic peptides in adjuvants, recombinant live vector 
delivery systems such as vaccinia (or other live viruses) or Salmonella (or other live bacteria >. 
These methods of delivery are standard to those familiar with the field. This also includes 

20 vaccines against heartwater disease, vaccines against rickettsial diseases in general and vaccines 

against other bacteria containing homologs of these genes. 

Table 3 shows the protective ability of the 5 genes against death from Cowdria 
ruminantium challenge in mice. Genes were inserted into VR1012 according to the 
manufacturers instructions(Vical. San Diego)and challengestudies were conductedas described 

25 in Example 1. N-terminal sequences which putatively encoded prokaryotic signal peptides were 

deleted because of the potential for their affects on expression and and immune responses in 
eukaryotic expression systems or challenged animals. The inserts were as follows: map2. SEQ 
ID NO. 25. beginning at base 46; 18hworfl. SEQ ID NO. 31. beginning at base 67; 3gdorf3. 
SEQ ID NO. 33. beginning at base 79; Ihwortj. SEQ ID NO. 27. beginning at base 76: and 

30 4hworfl. SEQ ID NO. 29. beginning at base 58 



BNSDOCID <WO 0065063A2_I_> 



WO 00/65063 



PC77US0O/1O886 



16 



Table 3 



DN A Construct MWT Survival Rate 





S ize 


Vaccinated 


Control 




P value 


TMMAP 2 


21 kd 


9/28* 


32% 


0/29 


0% 


0.004 


MB18HWORF1 


28 kd 


10/30* 


33% 


1/27 


4% 


0.021 


AM3GDORF3 


16 kd 


7/26 


27% 


1/27 


4% 


0.060 


TM 1 HWORF3 


36 kd 


8/29 


28% 


2/30 


7% 


0.093 


TM4HWORF1 


19 kd 


10/30* 


33% 


2/30 


7% 


0.054 



Control - VR1012 DNA vector plasmid only 
*Statistically significant difference (Fisher s Exact test) 

It should be understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
application and the scope of the appended claims. 
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Claims 



1. A composition comprising a polynucleotide which encodes a polypeptide having the 
characteristic of eliciting an immune response protective against disease or death caused by a 
rickettsial pathogen. 

2. The composition.accordingto claim 1 . wherein said rickettsial pathogen is selected 
from the group consisting of Rickettsia spp.. Ehrlichia spp.. Anaplasma spp.. and Cowdria spp. 

3. The composition.accordingto claim 1. wherein said polypeptide has an ammo acid 
sequence selected from the group consisting of SEO ID NO. 2. SEQ ID NO. 4. SEQ ID NO. 6. 
SEO ID NO. 14. SEQ ID NO. 1 5. SEO ID NOS. 1 6-20. SEQ ID NO. 23. SEO ID NO. 24. SEO 
ID NO. 26. SEQ ID NO. 28. SEO ID NO. 30. SEQ ID NO. 32. SEO ID NO. 34. homoiogs 
thereof, and immunogenic fragments thereof. 

4. The composition, according to claim 1. wherein said polynucleotide has a nucleic 
acid sequence selected from the groupconsistmgof SEQ ID NO. 1 . SEQ ID NO. 3. SEQ ID NO. 
5.SE01DNO.7.SEQIDNO.8.SE0IDNOS.9-13.SE0IDNO. 21.SEQIDNO. 22. . SEQ 
ID NO. 25. SEO ID NO. 27. SEO ID NO. 29. SEQ ID NO. 31. SEO ID NO. 33. homoiogs 
thereof, and fragments thereof which encode immunogenic polypeptides. 

5. The composition, according to claim 4. wherein said polynucleotide has a nucleic 
acid sequence of SEQ ID NO. 3. or a fragment thereof. 

6. The composition, according to claim 1. wherein said polynucleotide further 
comprises a nucleic acid vaccine vector. 

7. The composition, according to claim 1. further comprising a pharmaceutical!) 
acceptable carrier. 

8. A polynucleotide encoding a polypeptide having an ammo acid sequence selected 
from the group consisting of SEO ID NO. 4. SEO ID NOS. 14-20. SEO ID NOS. 23-24. SEO 
ID NO. 26. SEO ID NO. 28. SEO ID NO. 30. SEO ID NO. 32. SEQ ID NO. 34. and fragments 
thereof. 
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1 9. The polynucleotide. accordingto claim 8. said polynucleotide having a nucleic acid 

2 sequence selected from the group consisting of SEQ ID NO. 3. SEQ ID NOS. 7-13. SEQ ID 

3 NOS. 2 1-22. SEO ID NOS. 25. SEQ ID NO. 27. SEQ ID NO. 29. SEQ ID NO. 3 1. and SEQ ID 

4 NO. 33. 

1 10. A method for protecting a susceptible host against disease or death caused b\ a 

2 rickettsial pathogen, said method comprising administering an effective amount of a 

3 polynucleotideencodingpolypeptidehavingthe characteristic of eliciting an immune response 

4 protective against said rickettsial pathogen. 

1 11. The method, according to claim 10. wherein said rickettsial pathogen is selected 

2 from the group consisting of Rickettsia spp.. Ehrlichia spp.. Anaplasma spp.. and Cow dria spp. 

1 12. The method, according to claim 10. wherein said polypeptide has an amino acid 

2 sequence selected from the group consisting of SEQ ID NO. 2. SEQ ID NO. 4. SEQ ID NO. 6. 

3 SEQ ID NO. 14.SEQIDNO. 1 5, SEQ ID NOS. 1 6-20. SEQ ID NO. 23. SEQ ID NO. 24. SEQ 

4 ID NO. 26. SEQ ID NO. 28. SEQ ID NO. 30. SEQ ID NO. 32. SEQ ID NO. 34, or homologs 

5 thereof and immunogenic fragments thereof. 

1 13. The method, according to claim 1 0. wherein said polynucleotide has a nucleic acid 

2 sequence selected from the group consisting of SEQ ID NO. 1. SEQ ID NO. 3. SEQ ID NO. 5. 

3 SEQ ID NO. 7. SEQ ID NO. 8. SEQ ID NOS. 9-13. SEQ ID NO. 21.SEQIDNO. 22. SEQ ID 

4 NO. 25. SEQ ID NO. 27. SEQ ID NO. 29. SEQ ID NO. 3 1. and SEQ ID NO. 33. 

1 14. The method, accordingto claim 13. wherein said polynucleotidehas the nucleic acid 

2 sequence of SEQ ID NO. I. 

1 15. The method, accordingto claim 1 3. w herein said polynucleotidehas the nucleic acid 

2 sequence of SEQ ID NO. 3. 

1 1 6. The method, accordingto claim 1 3. wherein said polynucleotidehas the nucleic acid 

2 sequence of SEQ ID NO. r\ 
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1 1 7. The method, according to ciaim 10. wherein said nucleic acid further comprises an 

2 appropriate nucleic acid vector. 

1 18. The method, according lo claim 10. wherein said composition further comprises a 

2 pharmaceutical^ acceptable carrier. 

1 19. The method, according to ciaim 1 0. which further comprises administration to said 

2 host of said polypeptide encoded by said polypeptide. 

1 20. A method for detecting, in a human or animal, antibodies associated with infection 

2 by Ehrlichia, wherein said method comprises contacting a biological fluid from said human or 

3 animal with a polypeptide selected from the group consisting of SEQ ID NO. 4. SEQ ID NOS. 

4 1 4-20. SEQ ID NOS. 23-24. SEQ ID NO. 26. SEQ ID NO. 28, SEQ ID NO. 30. SEQ ID NO. 

5 32. SEQ ID NO. 34. and homologs and fragments thereof. 

1 21. A method of detecting the presence of rickettsial nucleic acids comprising 

2 contacting a sample suspected of containing rickettsial nucleic acids with a composition 

3 comprising a labeled polynucleotide which encodes a polypeptide having the characteristic of 

4 eliciting an immune response protective against disease or death caused by a rickettsial 

5 pathogen, allowing for the formation of a hybridization complex and detecting said label. 

1 22. The composition, according to claim 21. wherein said rickettsial pathogen is 

2 selected from the group consisting of Rickettsia spp.. Ehrlichia spp.. Anaplasma spp.. and 

3 Cowdria spp. 

1 23. The composition. accordingto claim 2 1 . wherein said polypeptidehas an amino acid 

2 sequence selected from the group consisting of SEQ ID NO. 2, SEQ ID NO. 4, SEQ ID NO. 6. 

3 SEQ ID NO. 14. SEQ ID NO. 15. SEQ ID NOS. 1 6-20. SEQ ID NO. 23. SEQ ID NO. 24. SEQ 

4 ID NO. 26. SEQ ID NO. 28. SEQ ID NO. 30. SEQ ID NO. 32. SEQ ID NO. 34. and homologs 

5 and immunogenic fragments thereof. 

1 24. The composition. according to claim 2 1 . wherein said polynucleotide has a nucleic 

2 acid sequence selected from the group consistingof SEQ ID NO. 1 . SEQ ID NO. 3. SEQ ID NO. 

3 5. SEQ ID NO. 7. SEQ ID NO. 8. SEQ ID NOS. 9-13. SEQ ID NO. 21. SEQ ID NO. 22. . SEQ 
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ID NO. 25. SEQ ID NO. 27. SEQ ID NO. 29. SEQ ID NO. 31. SEQ ID NO. 33. homologs 
thereof, and fraements thereof which encode immunogenic polypeptides. 
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1 ggaaccaa::cagggacac::=cac:=r:aaacc?c::;ct3caccacc2c::gcagcca 
N S F R D I STL K A FATPSSAAT 
51 csccaaaccraacaacaqcaacaccgagcg^gtigcrraccrcggagcagaacicggaggaa 
PD-ATVTLS V C H F G V E L G G R 
121 cacr:aac:"caact::ac:acrgccacac;r:aaaaacaacccaaacc:gc:c:catt 
r S r * 

191 ^^^y^i-*j?ajta caaacaaaacagtaoei«aMaa:::acr3acaa oac3ecsoooooqa a 

2 41 c:aac:ac:acc:gc:acacccc::accaccac.:acac:aaacaac::gacaaacacaa 

3 01 cagc::::ggagaaacaaacaacat:zaaa:::::c::acaaaaaccattiittcc::gc 

.35 

3 61 ac:aaaaac:agc:tatMcz:gc::::acac:;:agg:::acnac:g::aatctgc:r: 
-10 

421 cac:ac::ciijjt|^aacatgaaccgcgaaaaa:::r:tacaacaac:gca:-aacacca 

RBS MNCEKFFITTALTL 
481 ccaacgc:cr"cctacsrggaaLac=acr:rrz;at::agcacaggacgacaacactagc 

LM3FLPCISLSD PVQDDNIS 
541 ggcaacc-ccacaccagcggaaagcacacgc-aagcgcc-cgcacrc-ggagztrtct:::: 

GNFYISGKYH PSASHPGVFS 
601 gccaaggaagaaagaaacacaacagcrggagzarz-ggaacagageaagac'gggacaga 

AKE5RNTTVGVFG 1 EQDWDR 
661 rgcsraatats:aoaac=act:uaccga:aca::ciccact:;aaa c:a"r3C::aac 

CVISRTTLSDIFTVPNYSFK 
721 cacraa aacaacctiacctrcaggasrrgcaggacc^aczggczacccaacggatggccca 

YENNLFSGFACA IGYSMDGP 
781 agaacagagccrgaagtiatccTacgaagcac-rcacgtraaaaaccaaggcaacaaticac 

R IELEVSYEA FDVKNQGNNY 
841 aagaacgaagcacatagacactatgctrc^gircra-rtrrc-rggcacagagacacagaca 

KNEAHRYYALSH LLGTSTQI 
901 gacggtgeaggcagcgcgnccg-c ::cc:aa:aaa:gaaggaccac:-gacaaa:cac:c 

DGAGSASVFL Z N EG LLDKSF 
961 acgczaaacgcacgc^acgacgcaacaagc=aaggcacac=t:^rrr=t:=r^-acacacgc 

ml'nacydviseg IPFSPYIC 
1021 ocaqocactcgcai:t?at":agtac=:ac r:::raa?c:3C3aaccc :aaaact:sr:ac 

agigidlvsmfeainpkisy 

1081 caaggaaaac:aggcc:aagcracc=iat:aaccccacaagct:=t:gtgc::a:tggtgga 
QGKLGLSYP I S ? 5ASVFIGG 

1141 caccrrcataaogcgacaggaaacgaacrragacaca:ncc:actacgacacc:agtgaa 
HFHK'viGMErRD I ? T H I ? S E 

1201 tcagcgcrtgcaggaaaaggaaactacs^rgcaa^agtaacactggacgcgctccaccrr 
SALAGICGNY ? A I VTLOVFTF 

12 61 ggca cagaac c t g gaggaagg c : raac t r c saac : ; zgattattgoc»caa caaa taaaa 

GIELGCRFNFQL* 
1321 acaotogca— aaaacgsagcaacaa oaoaccccaccoaoQ aaccaaac:a::acttgcc 

13 81 acacccct^ccaccacrcacaccaaacaa:c-gacaaacacaacagc:=aaacaaaggc 
1441 aaacaactsc:aaac:cgrc:cacgagaacc3 ttt7at» £:czatac:aaaaac:agect« 

•35 

1501 tMccrgcctrracacrgcaccccrac-aczg^-aa3rrartctcactar"it«2jit£ca 

-10 RBS 
1561 acacgaactgcaaaaaac-^i = -acaacaac^-cacr.acracraccaacgtccctcrcac 

MNCKKFFITTALVSLMSFLP 
1621 ccggaacatcac-zcctgacccagtgcaaac-gacaacacragcggcaattticcatgcca 

GISFSD PVQ G DN I SGNFYVS 
16 81 gcggcaagcacacgccaagcgctrcgcac^zrggcacgnrc^ctgccaaagaagaaaaaa 

GKYMPSASH FGMPSAKESKN 
1741 accctaccgccgcactigcacggcrtaaaacaacar-gggaagggaccagcccaccaagcc 

PTVALYGLKQD W EG ISSSSH 
1801 acaacqataat:ac;rcaataacaagcq e :a::r; :r:aaa:accaa aataaeccactr: 

N DNH FN N K G i S F K Y ENNP F L 
18 61 cagggczrgcaggaoctat:wggttatr.caacgggc5g^ccaagagcagagcccgaagtgt 

CFACAIGYS MGG PRVEFEVS 
1921 cccacgaaacacr:gacgcsaaaaaccag5gcaa:aactaLaaaaac;at;c:cacagac 

YETFDVKNQCNNYKNDAHRY 
1981 actacactttaggccaacaagacaacagcccaa :acc:aaaacragcaaa:acgcactgt 

c'aLGQQDNSg'i PKTSK.TVLL 
2041 Caaaaaccgaaggac:?c:t:gacacam:it2igr-aaa:gcat;c:a:aatacaa:aa 

ks'egl'ldis fm'lnacydi in 

2101 acgagagcatac^rrtgtrrzcrraca^argtgracgcgtcggcActga^rtaacacrca 
ESI P L S P Y I CAGVCTDLISM 

2151 t c:: :caacc:acaaa:cr ^aaaa:t:r^taccaacgGaag:caggi::aa;::acc:!:a 
FEATNPKIS Y^g'kLGLSYSI 

2221 taaaeccagaage-tccg^aczcaciggcggacai — rcacaaggcgacaggaaacgaac 
NPEASVFIGGHFHKVIGNEF 

22 91 Ctagggacat:cc:acrc:qaaaccacctg::acc:ca:ragc:ac:rcaga^ccagc3a 

r'diptl kafvtssatpdla: 
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23 -J 1 -agcaa^-^zaagcccaiigccacrrnggaacagaacrcggaggaagg::::::^ ,-cc-aac 

*/ T - J V C H F G I ELGGRFMF' 
2 401 c::gctac:gccacacgc:aaaaat:aacctaaac::gt::::attattoctac«ctaaac 
2 461 aaaaifgtg y>« a a aacgcagcaacaa oaaQOCGCQCQoooa ac:aaac:;c:acrr 
2S21 accacaccr=::aLca:ac=acttacaccaaacaac::gacaaacacaacagc::c:;ga 
2581 aaaacaaacaacac::aaan:;c:c::acaaaaac=acttaticc::g:ac:aaaaac:a 

OS 

2 641 gc:t*ta*c:rgct:::3cacr;caarrccac:ac:^c:aac::ac:::r3c:ac::uff 

-10 — 

2701 jt£caacacgaacz;caaaaaac::::::acaacaac:aca::ao:acccc:aa:;:2;:: 
aas m m c k k f i tttlvs'lms? 

27 61 cc:acc:ggaacaccacnt= -gangcagcacagaacgacaa tgcrggzggcaacttcza 

L ? G I S F S D A VQNDNVCCNp"/ 
2821 ^accagtgggaaanatigTiaccraagtig-r-cacattrisgcgraccr-ctgcrcaaacagga 

I S . G KYV PS'/S H FGVFSAKQE 
2881 aagaaacacaacaaccggagcacr-ggactaaagcaagarrgggatggcagcacaacacc 

RMTTICVPCLKQDWDGSTIS 
2941 :aaaaac:s:ccagaaaac:acat:caacg::;caaa c:a::;3c::aaaca:r2a aacaa 

KNSPENTFNVPMYSFKYENM 

3 001 tccaczcccaggnrrcgcaggaccngctggcraczraacgaacggcccaaoaacacaact 

pplgpagavgylmngpris'i 

3 061 agaaacgt:cc;acgaaacac::gatgc;aaaaacca5gg:aacaac:acaacaacgacac 

e m s y stfdvknqgnnyk'nda 

3121 tcacaaacac=ac;c:t:aacccacaacagcgggggaaagc-aagcaac2caggcgacaa 

HK.YYALTHNSCGKLSWACDK 
3131 gczrgccz.tc :aaaaaacgaaggactacttga:aca:cacc-acg:tgaacgcacgc:a 

FVFLKNEGL LD I SLMLNACY 
3241 tgacgcaataagrigaaggaacacccrrctrrrrrracacacgcgcaggcgrrggcaccga 

0 V I S £ G I P F S ? Y IC*AGVGTD 
3 301 s wtaacarccar gx r tcaagc:j C3aac; ::aaaac:::::a::aaggaaaq::aqqt:: 

L I S M FEA IN P K I SYQG'kLGL 
33 61 gagccacr=cacaagc3ragaagcr" = rgr-zrr.=crggcgaacac--;cacaaggcgac 

sy.sispeasvfvgg'hfhkvi 

3 421 agggaacgaattrragagacatrcctgctatgacacc-agtacc-caactcrcacaggcaa 

GNEFRDIPAMI ? STSTLTGN 
3 481 ccaccttac^acagcaacac-aagcgcacgccac-rnggagccgaacr-gaaggaaggcz: 

hftivtlsvc'hfgv'slg'grf 

3 541 taactrrtaaccr-acracrgccaca^g-raaaaacaacnaaacttfftitttmcrattg 
N p: * 

3 601 e:gcaggcaMtaMMeiqtqccaaaagaacg:agcaacaa caoooc?occooq ac tag 
3 661 crracaagcgcngctttzcrcacc-cracacacgacac-a-acc-aaccagczzccrrgc 
3 721 :actacc:acctgacgtaacacac:aaatrir;macaaaagcca eegat» c^::acac 

-35 

3 781 aaaaact^«t«ctc:^gact:rgcttCtacacgacac^z=ractactgr:taacttaccrgT:c 
-10 

38 41 aciacr a9gtta natacgaacracaaaaaac;;:r:acaacaaccqca::qaLac;at:a 

P.BS M N Y K K V • ITSAL ISL 

3 901 acacctrctctacrtggagcacracrrzccgacc^agcaggcagcggrattiaacggcaat 
I S S L PGVSFSDPAG SG I N G N 

3 961 t:=:acaccag:ggaaaa:acacgccaagc^cc:;-ca:::rcoaqca::ctc:gc:aag 

fyisgkympsashfg'vfsak 

4021 gaagaaagaaacacaacagntggaqticcttacacrcraaocaaaacrcccac^gaagcoca 
EERNTTVGVFGLKQNWDGSA 

4081 atacccaacrcctrcccaaacgacgtacrcacrczc^caaa ^raccrjrc-aaacaccaa 
ISNSSPNDVFTVSNYSFKYE 

4141 aacaacccgcrr -tagger rcgcaggagctaczccrtacrraacggaragtircaagaaca 

nnpflgfagaig'ysmdgpri 

4201 gagcrtgaagcacsztacgaaacatrrgacgcaaaaaaz-aacgcaacaaczataagaat: 
ELEVSYETFDVKNQGNNYfCN 

42 S 1 gaagcacatiagacacrgcgctctaLcccacaacrcaccaccagacatgagtiagtgcaact 

eahrycalshnsaadmssas* 

4321 aacaaczrtgtctt-czaaaaaacgaacgacraccrgacacarracttacgcrgaacgca 
KNFVFLKNEGLLDISFMLMA 

43 31 tgccacgacgcagcaggrgaaggcacaccCwtttr :rc::a:aca:rrgcacg:a tegge 

CYDVVGEGI ?FS PY I c" A G I G 

44 41 ac:gac::agtacccac r:::r3acc:3C3a3:rr :aaaac::j::a;:aaggaaag::a 

TOLVSMFEATNPKISYQCKL 
4501 gg::caagc:accc-a:aagcccagaaac:cc:c:gc::a::cg:ggoc3c:::=3t:aag 

glsysispeasvfigg'hfhk 

4S6 1 gtaacagggaacgaat tragagacactccrac-azaa Z3.cc -accggacraacac crgca 

vignefrdipti i?tcstla 

4 621 ggaaaaggaaact3cc="gcaacag:aa:3c:gga^;:a:g=rac:;:ggaacagaaacg 

CKGNYPA r V I L "d V c" H F 5" I E M 
4631 gga 
G 
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1 tgyty naaatacgaaaca :aaaaaaac::::acaacaac:rcacrag :ac:a::aac:tc 
?BS MKYKKTrTVTA L V L L T S 

6 1 cc:racaca::t:atacrt::::atagtc:accacc::c=aa:acaa::cacaac::cra 
r T H r I ? F Y 3 ? i ?' k s" 7 I H N F Y 
121 cacragtcgaaaat3La:cc:aacagcc:caca::::;9aa^::::rcagc:aaacaaaa 

ISGKYMPTASHFg'i F S A K k Z 
181 acaaaat:rtac-aagGCactagc:3Ccc:aca:raaccat"a:cacataacactataaa 
Q S T T K V L V G " L 5 Q R * L S H N 1 IN 

2 41 caacaacga:acagcaaagagtct:aagc::caaaa::ac:ca::taaaucaaaaa:aa 

NNDTAKSLKV3NYSFKYKNN 

3 01 cccaLt*ccaggacc"gcaccagc -acrggczar icaacaggca ic:caagaacagaac: 

PFLG FAGA I C?SI G N S R I EL 
3 61 agaag:accacatgaaaca::tga:ac:aaaaacccagcaaacaactac::aaacgactc 

evsheifdtknpc'nnylnds 

421 rcacaaacatcgcgcczcacrrcatggaagtratracatgcagcgacggaaacagcaaaaa 

HKYCALSHG S H I CSDGNSC~D 
481 rcggracactgcaaaaacrgacaagcrrgtacttr :gaaaaacgaagatr*acrtgacot 

W Y T A KTD K P V L L ~K N E G~ L L D V 
541 ct:acr:acgr:aaacgca:3r:ac;acacaaciac:caaaaaatgcc:::::cacc:"a 

SFMLNACYDI 7TEKMPFS PY 
601 Catacgt:gcaggtact:ggcacrtgacrzca-awC-a---rz3aGacaacacaaaacaaaac 

I CAGIGTDLI SMFETTQNKI 
6 61 accccatcaaggaaagctacgc::aaac,a:ac:aLaaac:caaaacc:tc:g:t:::sc 

SYQGKLGLNYTINSP'VSVFA 
721 agctgggcacrrccataagcraacagg-aacgaarzraaaggcarzrcLactrcaccacc 

gghfhkvicnefkg'i ptllp 

781 tgacggatcaaacaczaaacracaacag-ctgcaacagcaacacragatgcgrgccaczc 

DGSNI KVQQSATVTLDv'c'hF 
641 cgggc:aaagactggaagcaga:rrrt:c::raaiac::r*a:cgtacatgc:aaaaaca 

GLEICSRFFF* 
901 gt:accagrrrgcr-c-gcgcirtacaaacgcaagagagaaat:agct.agcaa caaactaga 
961 aagcraaataLragaaaagccat.atgzrtr"zactgccacrgarac-caac -aam*grt»a 
1021 tacaaatffttacttac:aa:aa:rr-acg:ac:a:a:caaat:cc2rc:acaaaagccac 
1081 tafftit ::catac:aaaagr t«t« et i:gcc::;:a:::aac:rqcac::::accact:st 

•35 " -10 

1141 taactCactcccaccgt::^££t£caaata:gaa::gcaaaaaac::::cacaacaact 

RBS M NCKKVFTIS* 

1201 gcaccgacaccat"ratatac:::ctacciaa:gr:::acaccc:aacccao:acatoar 

alissiyflpnvsysnpvyg" 

12 61 aacagtatgcatggcaac::::acacaccacgaaagLac3 caccaagtactccccacztt: 
NSMYGNFY I SGKYM~PSVPHF 

12 21 ggaactCwCCcagccgaagaagagaaaaaaaacacaacrgtaacatatggctraaaaaaa 

gi fsaeeekkk'ttvvyglke 

13 81 aaccgggcaggagatccaa:acrtag:caaac:rcaca:3ataact:racca::caaaat 

NWAGDAISS QS PDDNFTI R~ N 
1441 tac^:a*"caagtatgcaacc:aacaag:t:::a=cc:::3caataacta:tsat;tactrg 

ysfk'yas'nkfl 5~> a v a : g" y s 

15 01 ataggcagtccaagaazagaagrrgagazg-rzracaaaccacztgacgcaaaaaaccaa 
ICSPRIEVEMSYEAFDVKNQ 

1561 ggcaacaatit: 
G N N 
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1 acatgtatacattatagtaacaaa:;::accg-ac::tattcataagttaag:aaaa::t 

61 ataccattctctttcactttatcagaagacttttatttatcacaaactcatgacgtacag 

12 1 tgtcacaaataaacacactgcaacracaatcactacgtaaaactttaactcttctttttz 

181 acaactaaaatactaataaaaqcaa:a:aJt3:aaaaaa^=t:aaataac TTGACA t:aat: 

-35 

2 41 attactetqata TAGCAT atotctas:a:=tct:atactaaacatttatataatt: GGAG ca 

-10 

3 01 t a 1 1 aATGAAAGCT AT CAAATTCATACTTAAT GT CT GCTTACTATTTGCAGCAATATTTT 

MKAIKFI L N V C L L F A-* A I F L 

361 T AGGGT ATT C CTATATTAC AAAAC AAG 3 CATATTT C AAAC AAAACAT CAT GAT ACAC CT A 
GYS YITKQGI FQTKHHDTPN 

421 ATACT ACT ATAC CAAAT GAAGAC GGTATT CAAT CTAG CTTTAGC TTAAT CAAT CAAGAC G 
TTI PNEDGIQSSFSLINQDG 

4 81 GTAAAAC AGTAAC CAG C CAAGATTT C CT AG GGAAAC ACAT GTTAGTTTT GTTTG GATT CT 

KTVTSQD FLGKHMLVLFGFS 

541 CT GCAT GTAAAAGCATTT GC C CT GCA GAATTGGGATTAGTAT CT GAAGCACTT GCACAAC 
ACKS ICPAELGLVSEALAQL 

601 TT G GTAATAAT G C AGACAAATTA CAA "AATTTTTATT ACAATT GAT C CAAAAAAT GAT A 
GNNADKLQVIFITIDPKNDT 

661 CT GTAGAAAAATTAAAAGAATTT CA.T GAACATTTT GATT CAAGAATT CAAAT GTTAACAG 
VEKLKEFHEHFDSRIQMLTG 

721 GAAATACT GAAGACATTAATCAAAT^A.TT.V^AA-ATTATAAAATATATGTT GGACAAGCAG 
NTEDINQ I I KNYKI Y V G Q A D 

7 81 ATAAAGAT CA.T CAAATTAAC CATT C T G C AATAAT GT AC CTTATT GACAAAAAAG GAT CAT 

KDHQINHSAIMYLIDKKGSY 

8 41 AT CTTT CACACTT CATT C CAGATTTAAAAT CAC AAGAAAAT CAAGT AG AT AAGTT ACTAT 

LSHFIPDLKSQENQVDKLLS 

901 CTTTAGTTAAGCAGTATCTGTAArt taa:aattaatt .BJ\AG acaataatacaca CTTT tr 
L V K Q Y L * 

9 61 ataaattcatggaatacgttggatga;razgt:t-:t:tcagtatttttag-gctaataac 
1021 attggcat 
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1 ggaaatctcar;raaacgtgaaatac:a:artcr:ttttaaataccaatacaat:gaat:3 

61 caaaaaaact:ttacaacttatcatgt::a:crtaaaaccttaCttt:aagatrc:ttacg 

121 tcacaaaataacaaaaatactat:tacaaaatacaccacaatrtcatcaaataaaaaaaa 

181 ctatacactttattatactacaqtacatataccataaaaqattttaaqtaac TTGACA ta 

-3 5 

2 41 atattaccttqgta TAGCAT atgattcagtartrtatattiaaaatttattatgtact GgA 

-10 

3 01 Gca t a a aAT GAAAGTTATCAAATTTA7ACTT AATAT CT GTTTATTATTT GCAG C AATTTT 

MKVIKFILNICLLFA->AIF 

3 61 T CTAGGAT ATT C CT AC GTAAC AAAAC AAG3 CATTTTT CAAGTAAG AGAT CATAAC ACT C C 

LGYSYVTKQGI F QVRDHNTP 

421 CAATACAAAT ATAT CAAATAAAG C CAG CATTACTACTAGTTTTT C GTTAGTAAAT CAAGA 
NTNI5NKASITTS FSLVNQD 

4 81 T GGAAATACAGTAAATAGTCAAGATTTTTT GGGAAAATACATGCTAGTTTTATTTGGATT 

GNTVNSQDFLGKYMLVLFGF 

541 TTCTTCATGTAAAAGCATCT GCCCTGCT GAA7TAGGAATAGCAT CTGAAGTT CTCTCACA 
SSCKSICPAELGIASEVLSQ 

601 GCTT GGTAAT GACACAGACAAGTTACAAGT AATTTT CATTACAATT GATCCAACAAATGA 
LGNDTDKLQVI FITI DPTND 

661 TACT GT ACAAAAATTAAAAAC ATTT CAT GAAC ATTTT GAT C CTAGAATT CAAAT GCTAAC 
TVQKLKTFHEHFDPRIQMLT 

721 AGG CAGT G CAGAAGATATT GAAAAAATAATAAAAAATT ACAAAATATAT GTT G GACAAGC 
GSAEDI EKI Z KN YKI YVGQA 

7 81 AGATAAAGATAATCAAATTGATCACT CT GC CAT AAT GTACATTAT C GATAAAAAAGGAGA 

DKDNQIDHSAIMYII DKKGE 

8 41 ATACATTT CACACTTTT CT CCAGATT7 AAAAT CAACAGAAAATCAAGTAGATAAGTTACT 

YISHFSPDLKSTENQVDKLL 

901 ATCTATAAT AAAACAATAT CT CTAA t ::=araattaatt a AA.GAG aataatacaca CTCT 
S I IKQYL* 

961 latataaattcatggatatatgtgatggr-agatttrttttggtgtrtctatcgctaatt 
1021 acatra 
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SEQUENCE LISTING 



<110> University of Florida 



<120> Nucleic Acid Vaccines Against Rickettsial Diseases and 
Methods of use 

<130> UF-167C3 

<140> 
<141> 

<150> 08/953,326 
<151> 1997-10-17 

<150> 08/733 , 230 
<151> 1996-10-17 

<160> 34 

<170> Patentln Ver . 2.0 

<210> 1 
<211> 864 
<212> DNA 

<213> Cowdria ruminant ium 

<220> 

<221> CDS 

<222> (1) . . (861) 

<400> 1 

atg aat tgc aag aaa att ttt ate aca agt aca eta ata tea tta gtg 48 

Met Asn Cys Lys Lys lie Phe lie Thr Ser Thr Leu lie Ser Leu Val 
15 10 15 

tea ttt tta cct ggt gtg tec ttt tct gat gta ata cag gaa gac age 96 
Ser Phe Leu Pro Gly Val Ser Phe Ser Asp Val lie Gin Glu Asp Ser 

20 25 30 

aac cca gca ggc agt gtt tac att age gca aaa tac atg cca act gca 144 
Asn Pro Ala Gly Ser Val Tyr lie Ser Ala Lys Tyr Met Pro Thr Ala 
35 40 45 

tea cat ttt ggt aaa atg tea ate aaa gaa gat tea aaa aat act caa 192 
Ser His Phe Gly Lys Met Ser lie Lys Glu Asp Ser Lys Asn Thr Gin 

50 55 60 

acg gta ttt ggt eta aaa aaa gat tgg gat ggc gtt aaa aca cca tea 240 
Thr Val Phe Gly Leu Lys Lys Asp Trp Asp Gly Val Lys Thr Pro Ser 
65 7 0 75 80 

gat tct age aat act aat tct aca att ttt act gaa aaa gac tat tct 288 
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Asp Ser Ser Asn Thr Asn Ser Thr He Phe Thr Glu Lys Asp Tyr Ser 

8 5 9C ^5 

ttc aga rat gaa aac aat ccg etc tta ggt tec get gga gca att ggg 336 

Phe Arc Tyr Glu Asn Asn Pre Phe Leu Gly Phe Ala Gly Ala He Gly 

ICC 10 5 HC 

tac tea atg aat gga cca aga ata gag ttc gaa gta tec tat gaa act 384 

Tyr Ser Met Asn Gly Pre Arg He Glu Phe Glu Val Ser Tyr Glu Thr 

115 120 125 

ttt gat gta aaa aac eta ggt ggc aac tat aaa aac aac gca cac atg 432 

Phe Asp Val Lys Asn Leu Gly Gly Asn Tyr Lys Asn Asn Ala His Met 

130 135 140 

tac tgt get tta gat aca gca gca caa aat age act aat ggc gca gga 480 

Tyr Cys Ala Leu Asp Thr Ala Ala Gin Asn Ser Thr Asn Gly Ala Gly 

145 150 155 160 

tta act aca tct gtt atg gta aaa aac gaa aat tta aca aat ata tea 526 

Leu Thr Thr Ser Val Met Val Lys Asn Glu Asn Leu Thr Asn He Ser 

165 170 175 



576 



624 



tta atg tta aat gcg tgt tat gat ate atg ctt gat gga ata cca gtt 

Leu Met Leu Asn Ala Cys Tyr Asp He Met Leu Asp Gly He Pro Val 

180 185 190 

tct cca tat gta tgt gca ggt att ggc act gac tta gtg tea gta att 

Ser Pro Tyr Val Cys Ala Gly He Gly Thr Asp Leu Val Ser Val He 

195 200 205 

aat get aca aat cct aaa tta tct tat caa gga aag eta ggc ata agt 672 

Asn Ala Thr Asn Pro Lys Leu Ser Tyr Gin Gly Lys Leu Gly He Ser 

210 215 220 

tac tea ate aat tct gaa get tct ate ttt ate ggt gga cat ttc cat 720 

Tyr Ser lie Asn Ser Glu Ala Ser He Phe He Gly Gly His Phe His 

225 230 235 240 

aga gtt ata ggt aat gaa ttt aaa gat att get acc tta aaa ata ttt 766 

Arg Val He Gly Asn Glu Phe Lys Asp lie Ala Thr Leu Lys He Phe 

245 250 255 

act tea aaa aca gga ata tct aat cct ggc ttt gca tea gca aca ctt 816 

Thr Ser Lys Thr Gly He Ser Asn Pro Gly Phe Ala Ser Ala Thr Leu 

260 265 270 

qat gtt tgt cac ttt ggt ata gaa att gga gga agg ttt gta ttt taa 864 

Asp Val Cys His Phe Gly He Glu lie Gly Gly Arg Phe Val Phe 

-75 28C 255 



< 2 1 0 > 2 
<2il> 26" 
<212> PKT 
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<213> Cowdria ruminant ium 

Met°Asn Cvs Lvs Lys lie Phe He Thr Ser Thr Leu lie Ser Leu Vai 
1 5 10 15 

Ser Phe Leu Pro Gly Vai Ser Phe Ser Asp Vai He Gin Giu Asp Ser 

2 0 25 30 

Asn Pro Aia Gly Ser Vai Tyr He Ser Ala Lys Tyr Met Pro Thr Ala 
35 40 45 

Se r his Phe Gly Lys Met Ser He Lys Glu Asp Ser Lys Asn Thr Gin 
50 ' 55 60 

Thr Vai Phe Gly Leu Lvs Lys Asp Trp Asp Gly Vai Lys Thr Pro Ser 

65 70 75 80 

Asp Ser Ser Asr. Thr Asn Ser Thr He Phe Thr Glu Lys Asp Tyr Ser 
85 90 95 

Phe Arg Tyr Glu Asn Asn Pro Phe Leu Gly Phe Ala Gly Ala He Gly 
100 105 HO 

Tyr Ser Met Asn Gly Pro Arg He Glu Phe Glu Vai Ser Tyr Glu Thr 
115 120 125 

Phe Asp Vai Lvs Asn Leu Gly Gly Asn Tyr Lys Asn Asn Ala His Met 
130 135 140 

Tyr Cv = Ala Leu Asp Thr Ala Ala Gin Asn Ser Thr Asn Gly Ala Gly 
145 J 150 155 160 

Leu Thr Thr Ser Vai Met Vai Lys Asn Glu Asn Leu Thr Asn He Ser 
165 170 175 

Leu Met Leu Asn Ala Cys Tyr Asp He Met Leu Asp Gly He Pro Vai 
180 185 190 

Ser Pro Tyr Vai Cys Ala Gly He Gly Thr Asp Leu Vai Ser Vai He 
195 200 205 

Asn Ala Thr Asn Pro Lys Leu Ser Tyr Gin Gly Lys Leu Gly He Ser 

210 215 220 

Tvr <=<=>- He Asn Ser Glu Ala Ser He Phe lie Gly Gly His Phe His 

-, r ->i- 240 

225 23 0 



Arg Vai He Glv Asn Glu Phe Lys Asp He Ala Thr Leu Lys He Phe 
245 250 255 

Thr Ser Lvs Thr Glv He Ser Asn Pro Gly Phe Ala Ser Aia Thr Leu 
260 265 27C 

Asp Vai Cys His Phe Gly He Glu He Gly Gly Arg Phe Vai Phe 
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275 



280 



285 



48 



96 



<210> 3 
<211> 842 
<212> DNA 

<213> Ehrlichia chaffeensis 

<220> 
<221> CDS 
<222> (1) . . (840) 

<400> 3 

atg aat tac aaa aaa agt ttc ata aca gcg att gat ate att aat ate 

Met Asn Tyr Lys Lys Ser Phe lie Thr Ala lie Asp lie lie Asn lie 

1 ' "5 10 15 

ctt etc tta cct gga gta tea ttt tec gac cca agg cag gta gtg gtc 
Leu Leu Leu Pro Gly Val Ser Phe Ser Asp Pro Arg Gin Val Val Val 

20 25 30 

att aae ggt aat ttc tac ate agt gga aaa tac gat gee aag get teg 144 

He Asn Gly Asn Phe Tyr He Ser Gly Lys Tyr Asp Ala Lys Ala Ser 
35 40 45 

cat ttt gga gta ttc tct get aag gaa gaa aga aat aca aca gtt gga 192 
His Phe Gly Val Phe Ser Ala Lys Glu Glu Arg Asn Thr Thr Val Gly 
50 55 60 

gtg ttt gga ctg aag caa aat tgg gac gga age gca ata tec aae tec 
Val Phe Gly Leu Lys Gin Asn Trp Asp Gly Ser Ala He Ser Asn Ser 
6 5 7 0 7 5 8 0 

tec cca aac gat gta ttc act gtc tea aat tat tea ttt aaa tat gaa 
Ser Pro Asn Asp Val Phe Thr Val Ser Asn Tyr Ser Phe Lys Tyr Glu 
85 90 95 

aac aac ccg ttt tta ggt ttt gca gga get att ggt tac tea atg gat 336 
Asn Asn Pro Phe Leu Gly Phe Ala Gly Ala He Gly Tyr Ser Met Asp 
100 105 HC 

ggt cca aga ata gag ctt gaa gta tct tat gaa aca ttt gat gta aaa 384 
Gly Pro Arg He Glu Leu Glu Val Ser Tyr Glu Thr Phe Asp Val Lys 
115 120 125 

aat caa ggt aac aat tat aag aat gaa gca cat aga tat tgt get eta 432 
Asn Gin Gly Asn Asn Tyr Lys Asn Glu Ala His Arg Tyr Cys Ala Leu 
130 135 140 

tec cat aac tea gca gca gac atg agt ag: gca agt aat aat ttt gtc 480 
Ser His Asn Ser Ala Ala Asp Met Ser Ser Ala Ser Asn Asn Phe Val 
145 15 C 155 16 0 

ttt eta aaa aat gaa gga tta ctt gac ata tea ttt atg ctg aac gca 528 
Phe Leu Lvs Asn Glu Gly Leu Leu Asp lie Ser Phe Met Leu Asn Ala 



240 



288 
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165 



170 175 



tgc tat gac gta gta ggc gaa ggc ata cct ttt tct cct tat ata tgc 57c 
Cys Tyr Asp Vai Val Gly Glu Gly He Pre Phe Ser Pro Tyr He Cys 
180 185 190 



gca ggt ate ggt act gat tta gta tec atg ttt gaa get aca aat cct 
Ala Gly He Gly Thr Asp Leu Val Ser Met Phe Glu Ala Thr Asn Pre 



195 



200 205 



aaa att tct tac caa gga aag tta ggt tta age tac tct ata age cca 

Lys He Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Ser He Ser Pro 

210 215 220 

gaa get tct gtg ttt att ggt ggg cac ttt cat aag gta ata ggg aac 

Glu Ala Ser Val Phe He Gly Gly His Phe His Lys Val He Gly Asn 

225 230 235 240 

gaa ttt aga gat att cct act ata ata cct act gga tea aca ctt gca 

Glu Phe Arg Asp He Pro Thr He He Pro Thr Gly Ser Thr Leu Ala 

245 250 255 

gga aaa gga aac tac cct gca ata gta ata ctg gat gta tgc cac ttt 

Gly Lys Gly Asn Tyr Pro Ala He Val He Leu Asp Val Cys His Phe 

260 265 270 

gga ata gaa atg gga gga agg ttt aa 

Gly He Glu Met Gly Gly Arg Phe 

275 280 



624 



67: 



720 



768 



816 



84: 



<210> 4 
<211> 280 
<212> PRT 

<213> Ehrlichia chaffeensis 
<400> 4 

Met Asn Tyr Lys Lvs Ser Phe He Thr Ala He Asp He He Asn He 
1 ^5 10 15 

Leu Leu Leu Pro Gly Val Ser Phe Ser Asp Pro Arg Gin Val Val Val 

2 0 2 5 3 0 

He Asn Gly Asn Phe Tyr He Ser Gly Lys Tyr Asp Ala Lys Ala Ser 
35 40 45 

His Phe Gly Val Phe Ser Ala Lys Glu Glu Arg Asn Thr Thr Val Gly 
5C 5 5 6 0 

Val Phe Gly Leu Lys Gin Asn Trp Asp Gly Ser Ala He Ser Asn Ser 
65 70 ^5 80 

Ser Pro Asn Asp Val Phe Thr Val Ser Asn Tyr Ser Phe Lys Tyr Glu 

85 90 95 
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Asn Asn Pro Phe Leu Gly Phe Ala Gly Ala He Gly Tyr Ser Met Asp 

10C 105 HC 

Glv Pro Arg He Glu Leu GIu Val Ser Tyr Glu Thr Phe Asp Val Lys 
115 120 125 

Asn Gin Gly Asn Asn Tyr Lys Asn Glu Ala His Arg Tyr Cys Ala Leu 
130 135 140 

Ser His Asn Ser Ala Ala Asp Met Ser Ser Ala Ser Asn Asn Phe Val 
145 150 155 160 

Phe Leu Lys Asn Glu Gly Leu Leu Asp He Ser Phe Met Leu Asn Ala 

165 170 175 

Cys Tvr Aso Val Val Glv Glu Gly He Pro Phe Ser Pro Tyr He Cys 
180 1B5 190 

Ala Gly He Gly Thr Asp Leu Val Ser Met Phe Glu Ala Thr Asn Pro 

195 200 205 

Lys He Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Ser He Ser Pro 
210 215 220 

Glu Ala Ser Val Phe He Glv Gly His Phe His Lys Val He Gly Asn 
225 230 235 240 

Glu Phe Arg Asp He Pro Thr He He Pro Thr Gly Ser Thr Leu Ala 
245 250 255 

Gly Lys Gly Asn Tyr Pro Ala He Val He Leu Asp Val Cys His Phe 
260 265 270 

Gly He Glu Met Gly Gly Arg Phe 

275 280 



<210> 5 

<211> 849 

<212> DNA 

<213> Anaplasma margmale 

<220> 

<221> CDS 

<222> (1) . . (846) 

<400> 5 
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atg aat tac aga gaa ttg ttt aca ggg ggc ctg tea gca gec aca gtc 48 

Met Asn Tyr Arg Glu Leu Phe Thr Gly Gly Leu Ser Ala Ala Thr Val 
15 1C 15 

tgc gec tgc tec eta ctt gtt agt ggg gec gta gtg gca tct ccc atg 96 
Cys Ala Cys Ser Leu Leu Val Ser Gly Ala Val Val Ala Ser Pre Met 

20 25 30 

agt cac gaa gtg get tct gaa ggg gga gta atg gga ggt age ttt tac 144 
Ser His Glu Val Ala Ser Glu Gly Gly Val Met Gly Gly Ser Phe Tyr 
35 40 45 

gtg ggt gcg gec tac age cca gca ttt cct tct gtt ace teg ttc gac 192 
Val Gly Ala Ala Tyr Ser Pro Ala Phe Pro Ser Val Thr Ser Phe Asp 

50 55 60 

atg cgt gag tea age aaa gag acc tea tac gtt aga ggc tat gac aag 240 
Met Arg Glu Ser Ser Lys Glu Thr Ser Tyr Val Arg Gly Tyr Asp Lys 
65 70 75 80 

age att gca acg att gat gtg agt gtg cca gca aac ttt tec aaa tct 288 
Ser lie Ala Thr lie Asp Val Ser Val Pro Ala Asn Phe Ser Lys Ser 
85 90 95 

ggc tac act ttt gec ttc tct aaa aac tta ate acg tct ttc gac ggc 336 
Gly Tyr Thr Phe Ala Phe Ser Lys Asn Leu lie Thr Ser Phe Asp Gly 
100 105 110 

get gtg gga tat tct ctg gga gga gec aga gtg gaa ttg gaa gcg age 384 
Ala Val Gly Tyr Ser Leu Gly Gly Ala Arg Val Glu Leu Glu Ala Ser 
115 120 125 

tac aga agg ttt get act ttg gcg gac ggg cag tac gca aaa agt ggt 432 
Tyr Arg Arg Phe Ala Thr Leu Ala Asp Gly Gin Tyr Ala Lys Ser Gly 
130 135 140 

gcg gaa tct ctg gca get att acc cgc gac get aac att act gag acc 480 
Ala Glu Ser Leu Ala Ala lie Thr Arg Asp Ala Asn lie Thr Glu Thr 
145 150 155 160 

aat tac ttc gta gtc aaa att gat gaa ate aca aac ace tea gtc atg 528 
Asn Tyr Phe Val Val Lys He Asp Glu He Thr Asn Thr Ser Val Met 
165 170 175 

tta aat ggc tgc tat gac gtg ctg cac aca gat tta cct gtg tec ccg 576 
Leu Asn Gly Cys Tyr Asp Val Leu His Thr Asp Leu Pro Val Ser Pro 
180 185 190 

tat gta tgt gec ggg ata ggc gca age ttt gtt gac ate tct aag caa 624 
Tyr Val Cys Ala Gly He Gly Ala Ser Phe Val Asp He Ser Lys Gin 
195 200 205 

gta acc aca aag ctg gee tac agg ggc aag gtt ggg att age tac cag 672 
Val Thr Thr Lys Leu Ala Tyr Arg Gly Lys Val Gly lie Ser Tyr Gin 
2 1 C 215 2 2 0 
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ttt act ccg gaa ana tec ttg gtg gca ggt ggg ttc tac cac ggg eta 720 

Phe Thr Pro Glu lie Ser Leu Val Ala Gly Gly Phe Tyr His Gly Leu 

225 23C 235 24C 

ttt gat gag tct tac aag gac att ccc gca cac aac agt gta aag ttc 768 

Phe Asp Glu Ser Tvr Lvs Asp lie Pro Ala His Asn Ser Val Lys Phe 

245 250 255 

tct gga gaa gca aaa gec tea gtc aaa gcg cat att get gac tac ggc 816 

Ser Gly Glu Ala Lys Ala Ser Val Lys Ala His He Ala Asp Tyr Gly 

260 265 270 



ttt aac ctt gga gca aga ttc ctg ttc age taa 
Phe Asn Leu Gly Ala Arg Phe Leu Phe Ser 

2 7 5 2 8 0 



849 



<210> 6 
<211> 282 
<212> PRT 

< 2 1 3 > Anaplasma marginale 
<400> 6 

Met Asn Tyr Arg Glu Leu Phe Thr Gly Gly Leu Ser Ala Ala Thr Val 
1 J " 5 10 15 

Cys Ala Cys Ser Leu Leu Val Ser Gly Ala Val Val Ala Ser Pro Met 
20 25 30 

Ser His Glu Val Ala Ser Glu Gly Gly Val Met Gly Gly Ser Phe Tyr 
35 40 45 

Val Gly Ala Ala Tyr Ser Pro Ala Phe Pro Ser Val Thr Ser Phe Asp 
50 55 60 

Met Arg Glu Ser Ser Lys Glu Thr Ser Tyr Val Arg Gly Tyr Asp Lys 
65 70 75 80 

Ser He Ala Thr lie Asp Val Ser Val Pro Ala Asn Phe Ser Lys Ser 
85 90 55 

Gly Tyr Thr Phe Ala Phe Ser Lys Asn Leu He Thr Ser Phe Asp Gly 
100 105 HO 

Ala Val Glv Tvr Ser Leu Gly Gly Ala Arg Val Glu Leu Glu Ala Ser 
115 120 125 

Tyr Arg Arg Phe Ala Thr Leu Ala Asp Gly Gin Tyr Ala Lys Ser Gly 
130 135 140 

Ala Glu Ser Leu Ala Ala He Thr Arg Asp Ala Asn He Thr Glu Thr 
145 15C 155 160 

Asn Tyr Phe Val Val Lys He Asp Glu He Thr Asn Thr Ser Val Met 
165 17C * 7 5 
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Leu Asn Gly Cys Tyr Asp Val Leu His Thr Asp Leu Pro Val Ser Pro 
180 185 190 

Tyr Val Cys Ala Gly He Gly Ala Ser Phe Val Asp He Ser Lys Gin 
195 200 205 

Val Thr Thr Lys Leu Ala Tyr Arg Gly Lys Val Gly He Ser Tyr Gin 
210 215 22 0 

Phe Thr Pro Glu He Ser Leu Val Ala Gly Gly Phe Tyr His Gly Leu 
225 230 235 " * 240 

Phe Asp Glu Ser Tyr Lys Asp He Pro Ala His Asn Ser Val Lys Phe 
245 250 255 

Ser Gly Glu Ala Lys Ala Ser Val Lys Ala His He Ala Asp Tyr Gly 
260 265 270 

Phe Asn Leu Gly Ala Arg Phe Leu Phe Ser 
275 280 



<210> 7 
< 2 1 1 > 132 
<212> DNA 

<213> Ehrlichia chaffeensis 
<400> 7 

ggaatgaatt cagggacatt tctactctta aagcgtttgc tacaccatca tctgcagcta 60 
ctccagactt agcaacagta acactgagtg tgtgtcactt tggagtagaa cttggaggaa 120 
gatttaactt ct 132 

<210> 8 
<211> 861 
<212> DNA 

<213> Ehrlichia chaffeensis 
<400> 8 

atatgaactg cgaaaaattt tttataacaa ctgcattaac autactaatg tccttcttac 60 
ctggaatatc actttctgat ccagtacagg atgacaacat tagtggtaat ttctacatca 120 
gtggaaagta tatgccaagc gcttcgcatt ttggagtttt ttctgccaag gaagaaagaa 180 
atacaacagt tggagtattt ggaatagagc aagattggga tagatgtgta atatctagaa 240 
ccactttaag cgatatattc accgttccaa attattcatt taagtatgaa aataatctat 300 
tttcaggatt tgcaggagct attggctact caatggatgg cccaagaata gagcttgaag 360 
tatcttatga agcattcgat gttaaaaatc aaggtaacaa ttataagaac gaagcacata 420 
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gatattatgc tctgtcccac cttctcggca cagagacaca qatagatggt gcaggcagtg 48C 

cgtctgictt tctaataaat gaaggactac ttgataaatc atttatgctg aacgcatgtt 540 

atgatgtaat aagtgaaggc ataccttttt ctccttatat atgtgcaggt attggtattg 600 

atttagcatc catgtttgaa gctataaatc ctaaaat:tc ntatcaagga aaattaggct 66C 

taagttaccc tataagccca gaagcttctg tgtttattgg tggacatttt cataaggtga 720 

taggaaacga atttagagat attcctacta tgatacctag cgaatcagcg ctcgcaggaa 780 

aaggaaacta ccctgcaata gtaacactgg acgtgttcta ctttggcata gaacttggag 840 

gaaggtttaa cttccaactt t: 861 

<210> 9 
<211> 837 
<212> DNA 

<213> Ehrlichia chaffeensis 
<400> 9 

atatgaattg caaaaaattt tttataacaa ctgcattagt atcactaatg tcctttctac 60 

ctggaatatc attttctgat ccagtgcaag gtgacaatat tagtggtaat ttctatgtta 120 

gtggcaagta tatgccaagt gcttcgcatt ttggcatgtt ttctgccaaa gaagaaaaaa 18C 

atcctactgt tgcattgtat ggcttaaaac aagattggga agggattagc tcatcaagtc 240 

acaatgataa tcatttcaat aacaagggtt attcatttaa atatgaaaat aacccatttt 300 

tagggtttgc aggagctatt ggttattcaa tgggrggtcc aagagtagag tttgaagtgt 360 

cctatgaaac atttgacgtt aaaaatcagg gtaataacia taaaaatgat gctcacagat 420 

actgtgcttt aggtcaacaa gacaacagcg gaaracccaa aactagtaaa tacgtactgt 480 

taaaaagcga aggattgctt gacatatcat ttatgctaaa rgcatgcra' gatataataa 54C 

acgagagcat acctttgtct ccttacatat gtgcaggtgt tggtactgat ttaatatcca 600 

tgtttgaagc tacaaatcct aaaatttctt accaagggaa gttaggtcta agttactcta 660 

taaacccaga agcttctgta cttattggtg gacattt:ca taaggtgata ggaaacgaat 72C 

ttaggqacat tcctactctg aaagcatttg ttacgtcatc agctactcca gatctagcaa 780 

tagtaacact aagtgtatgt cattttggaa tagaacttgg aggaaggttt aacttct 63" 



< 2 1 0 > 10 
<211> 843 

< 2 1 2 > DNA 
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<213> Ehrlichia chaffeensis 
<400> 10 

atatgaattg caaaaaattt tttataacaa ctacattagt atcgctaatg tccttcttac 60 

ctggaatatc attttccgat gcagtacaga acgacaatgt tggtggtaat ttctatatca 120 

gtgggaaata tgtaccaagt gtttcacatt ttggcgtatt ctctgctaaa caggaaagaa 180 

atacaacaat cggagtattt ggattaaagc aagattggga tggcagcaca atatctaaaa 240 

attctccaga aaatacattt aacgttccaa attattcatt taaatatgaa aataatcca: 30C 

ttctaggttt tgcaggagct gttggttatt taatgaatgg tccaagaata gagttagaaa 36C 

tgtcctatga aacacttgat gtgaaaaacc agggtaataa ctataagaac gatgctcaca 42C 

aatatcatgc tttaacccat aacagtgggg gaaagctaag caatgcaggt gataagtttg 480 

tttttctaaa aaatgaagga ctacttgata tatcacttat gttgaatgca tgctatgatg 54C 

taataagtga aggaatacct ttctctcctt acatatgtgc aggtgttggt actgatttaa 60C 

tatccatgtt tgaagctata aaccctaaaa tttcttatca aggaaagtta ggtttgagtt 66C 

actccataag cccagaagct tctgtttttg ttggtggaca ttttcataag gtgataggga 720 

atgaattcag agatattcct gctatgatac ccagtacctc aactctcaca ggtaatcact 780 

ttactatagt aacactaagt gtatgccact ttggagtgga acttggagga aggtttaacr 840 

ttt 84: 

<210> 11 
<211> 830 
<212> DNA 

<213> Ehrlichia chaffeensis 
<400> 11 

atatgaatta caaaaaagtt ttcataacaa gtgcattgat atcattaata tcttctctac 60 

ctggagtatc attttccgac ccagcaggta gtggtattaa cggtaatttc tacatcagig 12C 

gaaaatacat gccaagtgct tcgcattttg gagtattctc tgctaaggaa gaaagaaata 180 

caacagttgg agtgtutgga ctgaagcaaa attgggacgg aagcgcaata tccaactcc: 240 

ccccaaacga tgtattcact gtctcaaatt attcatttaa atatgaaaac aacccgtttt 300 

taggttttgc aggagctatt ggttactcaa tggatggtcc aagaatagag cttgaagtat 360 

cttatgaaac atttgatgta aaaaatcaag gtaacaatta taagaatgaa gcacataga: 420 

attgtgctct atcccataac tcagcagcag acatgagtag tgcaagtaat aattttgtc: 480 
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ttctaaaaaa tgaaggatta cttgacatat catttatgct gaacgcatgc tatgacgtag 540 

taggcgaagg catacctttt tctccttata tatgcgcagc catcggtact ga:ttagta: 600 

ccatgtttga agctacaaat cctaaaattt cttaccaagg aaagttaggt ttaagctact 6€0 

ctataagccc agaagcttct gtgtttattg gtgggcactt tcaiaaggta atagggaacg 720 

aatttagaga tattcctacr ataataccta ctggatcaac acttgcagga aaaggaaact 760 

accctgcaat: agtaatactg gatgtatgcc actttggaat agaaatggga 83C 

<210> 12 
<211> 864 
<212> DNA 

<213> Ehrlichia cams 
<400> 12 

atatgaaata taaaaaaact tttacagtaa ctgcattagt attattaact tcctttacac 60 

attttatacc tttttatagt ccagcacgtg ccagtacaat tcacaacttc tacattagtg 120 

gaaaatatat gccaacagcg tcacattttg gaattttttc agctaaagaa gaacaaagtt 180 

ttactaaggt attagtcggg ttagatcaac gattatcaca taatattata aacaataatg 240 

atacagcaaa gagtcttaag gttcaaaatt attcatttaa atacaaaaat aacccatttc 300 

taggatttgc aggagctatt ggttattcaa taggcaattc aagaatagaa ctagaagcat 360 

cacatgaaat atttgatact aaaaacccag gaaacaatta tttaaatgac tctcacaaat 420 

attgcgcttt atctcatgga agtcacatat gcagtgatgg aaatagcgga gattggtaca 480 

ctgcaaaaac tgataagttt gtacttctga aaaatgaagg tttacttgac gtctcattta 540 

tgttaaacgc atgttatgac ataacaactg aaaaaatgcc tttttcacct tatatatgtg 600 

caggtattgg tactgatctc atatctatgt ttgagacaac acaaaacaaa atatcttatc 660 

aaggaaagtt aggtttaaac tatactataa actcaagagt ttctgttttc gcaggtgggc 720 

actttcataa ggtaataggt aatgaattta aaggcactcc tactctatta cctgatggat 780 

caaacattaa agtacaacag tctgcaacac taacattaga tgtgtgccat ttcgggttag 840 

agattggaag tagatttttc tttt 8b4 

<210> 13 

<211> 399 

<212> DNA 

<213^ Ehrlichia cams 



WO 00/65063 PCT/US00/1 0886 

13 

<400> 13 

atatgaattg taaaaaagtt ttcacaataa gtgcattgat atcatccata tacttcctac 60 

ctaatgtctc atactctaac ccagtatatg gtaacagtat gtatggtaat ttttacatat 120 

caggaaagta catgccaagt gttcctcatt ttggaatttt ttcagctgaa gaagagaaaa 180 

aaaagacaac tgtagtatat ggcttaaaag aaaactgggc aggagatgca atatctagic 240 

aaagtccaga tgataatttt accattcgaa attactcatt caagtatgca agcaacaagt 300 

ttttagggtt tgcagtagct attggttact cgataggcag tccaagaata gaagttgaga 360 

tgtcttatga agcatttgat gtaaaaaatc aaggtaaca 3 99 



<210> 14 
<211> 43 
<212> PRT 

<213> Ehrlichia chaffeensis 
<400> 14 

Asn Glu Phe Arg Asp lie Ser Thr Leu Lys Ala Phe Ala Thr Pro Ser 
15 10 15 

Ser Ala Ala Thr Pro Asp Leu Ala Thr Val Thr Leu Ser Val Cys His 

20 25 30 

Phe Gly Val Glu Leu Gly Gly Arg Phe Asn Phe 
35 40 



<210> 15 
<211> 286 
<212> PRT 

<213> Ehrlichia chaffeensis 
<400> 15 

Met Asn Cys Glu Lys Phe Phe lie Thr Thr Ala Leu Thr Leu Leu Met 
15 10 15 

Ser Phe Leu Pro Gly lie Ser Leu Ser Asp Pro Val Gin Asp Asp Asn 
20 25 30 

lie Ser Gly Asn Phe Tyr lie Ser Gly Lys Tyr Met Pro Ser Ala Ser 
35 40 45 

His Phe Gly Val Phe Ser Ala Lys Glu Glu Arg Asn Thr Thr Val Gly 
50 55 60 

Val Phe Giy lie Glu Gin Asp Trp Asp Arg Cys Val lie Ser Arg Thr 
65 70 75 80 

Thr Leu Ser Asp lie Phe Thr Val Pro Asn Tyr Ser Phe Lys Tyr Glu 
85 90 95 
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Asn Asn Leu Phe Ser Gly Phe Ala Gly Ala lie Gly Tyr Ser Met Asp 

IOC 105 110 

Gly Pre Arg lie Glu Leu Glu Val Ser Tyr Glu Ala Phe Asp Val Lys 

115 120 125 

Asn Gin Gly Asn Asn Tyr Lys Asn Glu Ala His Arg Tyr Tyr Ala Leu 
130 135 140 

Ser His Leu Leu Gly Thr Glu Thr Gin lie Asp Gly Ala Gly Ser Ala 
145 150 155 160 

Ser Val Phe Leu lie Asn Glu Gly Leu Leu Asp Lys Ser Phe Met Leu 
165 170 175 

Asn Ala Cys Tyr Asp Val lie Ser Glu Gly lie Pro Phe Ser Pro Tyr 
180 185 190 

lie Cys Ala Gly lie Gly lie Asp Leu Val Ser Met Phe Glu Ala lie 

195 200 205 

Asn Pro Lys lie Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Pro He 

210 215 220 

Ser Pro Glu Ala Ser Val Phe He Gly Gly His Phe His Lys Val He 
225 230 235 240 

Gly Asn Glu Phe Arg Asp He Pro Thr Met He Pro Ser Glu Ser Ala 
245 250 255 

Leu Ala Gly Lys Gly Asn Tyr Pro Ala He Val Thr Leu Asp Val Phe 
260 265 270 

Tyr Phe Gly He Glu Leu Gly Gly Arg Phe Asn Phe Gin Leu 

275 280 285 



<210> 16 

<-211> 278 

<212> PRT 

<213> Ehrlichia chaffeensis 

<400> 16 

Met Asn Cys Lys Lys Phe Phe He Thr Thr Ala Leu Val Ser Leu Met 
1 ' 5 10 15 

Ser Phe Leu Pro Gly He Ser Phe Ser Asp Pro Val Gin Gly Asp Asn 

20 2 5 3 0 

He Ser Gly Asn Pne Tyr Val Ser Gly Lys Tyr Met Pre Ser Ala Ser 
35 40 45 

His Phe Gly Met Phe Ser Ala Lys Glu Glu Lys Asn Pro Thr Val Ala 

5 C 5 5 6 0 
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Leu Tyr Gly Leu Lys Gin Asp Trp Glu Gly He Ser Ser Ser Ser His 
65 70 75 80 

Asn Asp Asn His Phe Asn Asn Lys Gly Tyr Ser Phe Lys Tyr Glu Asn 
85 90 95 

Asn Pre Phe Leu Gly Phe Ala Gly Ala He Gly Tyr Ser Met Gly Gly 
100 105 110 

Pro Arg Val Glu Phe Glu Val Ser Tyr Glu Thr Phe Asp Val Lys Asn 
115 12 0 12 5 

Gin Gly Asn Asn Tyr Lys Asn Asp Ala His Arg Tyr Cys Ala Leu Gly 
13C 135 140 

Gin Gin Asp Asn Ser Gly He Pro Lys Thr Ser Lys Tyr Val Leu Leu 
145 ~ 150 155 160 

Lys Ser Glu Gly Leu Leu Asp He Ser Phe Met Leu Asn Ala Cys Tyr 
165 170 175 

Asp He He Asn Glu Ser He Pro Leu Ser Pro Tyr He Cys Ala Gly 
180 185 190 

Val Gly Thr Asp Leu He Ser Met Phe Glu Ala Thr Asn Pro Lys He 
195 200 205 

Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Ser He Asn Pro Glu Ala 
210 215 220 

Ser Val Phe He Gly Gly His Phe His Lys Val He Gly Asn Glu Phe 
225 230 235 240 

Arg Asp He Pro Thr Leu Lys Ala Phe Val Thr Ser Ser Ala Thr Pro 

24 5 250 25 5 

Asp Leu Ala He Val Thr Leu Ser Val Cys His Phe Gly lie Glu Leu 
260 265 270 

Gly Gly Arg Phe Asn Phe 
275 



<210> 17 

<211> 280 

<212> PRT 

<213> Ehrlichia chaffeensis 

c400> 17 

Met Asn Cys Lys Lys Phe Phe lie 

1 5 

Ser Phe Leu Pro Gly He Ser Phe 

20 



Thr Thr Tnr Leu Val Ser Leu Met 

10 15 

Ser Asp Ala Val Gin Asn Asp Asn 

25 30 



BNSDOCID <WO__ 0065063A2_I_ > 



WO 00/65063 



PCT/USOO/10886 



16 

Val Gly Glv Asn Phe Tyr He Ser Gly Lys Tyr Val Pro Ser Val Ser 
35 40 45 

His Phe Gly Val Phe Ser Ala Lys Gin Glu Arg Asn Thr Thr He Gly 

50 " 55 60 

Va i Phe Gly Leu Lvs Gin Asp Trp Asp Gly Ser Thr He Ser Lys Asn 
65 70 "75 80 

Ser Pro Glu Asn Thr Phe Asn Val Pro Asn Tyr Ser Phe Lys Tyr Glu 

85 90 9S 

Asn Asn Pro Phe Leu Gly Phe Ala Gly Ala Val Gly Tyr Leu Met Asn 
100 105 HO 

Gly Pro Arg He Glu Leu Glu Met Ser Tyr Glu Thr Phe Asp Val Lys 
115 120 125 

Asn Gin Gly Asn Asn Tyr Lys Asn Asp Ala His Lys Tyr Tyr Ala Leu 
130 135 140 

Thr His Asn Ser Glv Gly Lys Leu Ser Asn Ala Gly Asp Lys Phe Val 
145 150 155 160 

Phe Leu Lys Asn Glu Gly Leu Leu Asp He Ser Leu Met Leu Asn Ala 
165 170 175 

Cys Tyr Asp Val He Ser Glu Gly lie Pro Phe Ser Pro Tyr He Cys 
180 185 190 

Ala Gly Val Gly Thr Asp Leu He Ser Met Phe Glu Ala He Asn Pro 
195 200 205 

Lys He Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Ser lie Ser Pro 

210 215 22C 

Glu Ala Ser Val Phe Val Gly Gly His Phe His Lys Vai He Gly Asn 
225 230 235 240 

Glu Phe Arg Asp He Pro Ala Met He Pro Ser Thr Ser Thr Leu Thr 

245 250 255 

Gly Asn His Phe Thr He Val Thr Leu Ser Vai Cys His Phe Gly Val 

260 26d 

Glu Leu Gly Gly Arg Phe Asn Phe 

275 280 



< 2 1 o > ie 

<211> 276 
<212> PRT 

<213> Ehrlichia chafteensis 

<40o> ie 
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Met Asn Tyr Lys 
1 

Ser Ser Leu Pro 

20 

Asn Gly Asn Phe 

3 5 

Phe Gly Val Phe 

50 

Phe Gly Leu Lys 
65 

Pro Asn Asp Val 



Asn Pro Phe Leu 
100 

Pro Arg He Glu 

115 

Gin Gly Asn Asn 
130 

His Asn Ser Ala 
145 

Leu Lys Asn Glu 



Tyr Asp Val Val 
180 

Gly He Gly Thr 
195 

He Ser Tyr Gin 
210 

Ala Ser Val Phe 
225 

Phe Arg Asp He 



Lys Gly Asn Tyr 
260 

He Glu Met Gly 

275 



Lys Val Phe He 
5 

Gly Val Ser Phe 



Tyr He Ser Gly 
40 

Ser Ala Lys Glu 
55 

Gin Asn Trp Asp 
70 

Phe Thr Val Ser 
85 

Gly Phe Ala Gly 



Leu Glu Val Ser 
120 

Tyr Lys Asn Glu 
135 

Ala Asp Met Ser 
150 

Gly Leu Leu Asp 
165 

Gly Glu Gly He 



Asp Leu Val Ser 

200 

Gly Lys Leu Gly 

215 

He Gly Gly His 
230 

Pre Thr He He 
245 

Pro Ala He Val 



17 

Thr Ser Ala Leu 
10 

Ser Asp Pro Ala 

25 

Lys Tyr Met Pro 



Glu Arg Asn Thr 
60 

Gly Ser Ala He 
75 

Asn Tyr Ser Phe 

90 

Ala lie Gly Tyr 
105 

Tyr Glu Thr Phe 



Ala His Arg Tyr 

140 

Ser Ala Ser Asn 
155 

He Ser Phe Met 
170 

Pro Phe Ser Pro 

185 

Met Phe Glu Ala 



Leu Ser Tyr Ser 

220 

Phe His Lys Val 
235 

Pro Thr Gly Ser 
250 

lie Leu Asp Val 
265 



He Ser Leu He 
15 

Gly Ser Gly He 
30 

Ser Ala Ser His 
45 

Thr Val Gly Val 



Ser Asn Ser Ser 
80 

Lys Tyr Glu Asn 
95 

Ser Met Asp Gly 
110 

Asp Val Lys Asn 

125 

Cys Ala Leu Ser 



Asn Phe Val Phe 
160 

Leu Asn Ala Cys 
175 

Tyr He Cys Ala 

190 

Thr Asn Pro Lys 

205 

He Ser Pro Glu 



lie Gly Asn Glu 
240 

Thr Leu Ala Gly 
255 

Cys His Phe Gly 

270 
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<210> 15 
<211> 287 
<212> PRT 

<213> Ehrlichia cams 
<400> 19 

Met Lys Tyr Lys Lys Thr Phe Thr Val Thr Ala Leu Val Leu Leu Thr 
15 10 15 

Ser Phe Thr His Phe lie Pro Phe Tyr Ser Pro Ala Arg Ala Ser Thr 

20 25 30 

lie His Asn Phe Tyr lie Ser Gly Lys Tyr Met Pro Thr Ala Ser His 

35 40 45 

Phe Gly lie Phe Ser Ala Lys Glu Glu Gin Ser Phe Thr Lys Val Leu 
5 0 5 5 6 0 

Val Gly Leu Asp Gin Arg Leu Ser His Asn lie lie Asn Asn Asn Asp 

65 70 75 80 

Thr Ala Lys Ser Leu Lys Val Gin Asn Tyr Ser Phe Lys Tyr Lys Asn 
85 90 95 

Asn Pro Phe Leu Gly Phe Ala Gly Ala lie Gly Tyr Ser lie Gly Asn 
100 105 110 

Ser Arg lie Glu Leu Glu Val Ser His Glu lie Phe Asp Thr Lys Asn 
115 120 125 

Pro Gly Asn Asn Tyr Leu Asn Asp Ser His Lys Tyr Cys Ala Leu Ser 
130 135 140 

His Gly Ser His lie Cys Ser Asp Gly Asn Ser Gly Asp Trp Tyr Thr 
145 150 155 160 

Ala Lys Thr Asp Lys Phe Val Leu Leu Lys Asn Glu Gly Leu Leu Asp 
165 170 175 

Val Ser Phe Met Leu Asn Ala Cys Tyr Asp lie Thr Thr Glu Lys Met 
180 185 190 

Pro Phe Ser Pro Tyr lie Cys Ala Gly lie Gly Thr Asp Leu lie Ser 
195 200 205 

Met Phe Glu Thr Thr Gin Asn Lys lie Ser Tyr Gin Gly Lys Leu Gly 

210 215 220 

Leu Asn Tyr Thr lie Asn Ser Arg Val Ser Val Phe Ala Gly Gly His 
225 23 0 235 24 0 

Phe His Lys Val lie Gly Asn Glu Phe Lys Gly lie Pro Thr Leu Leu 
245 250 255 
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Pro Asp Giy Ser Asn lie Lys Val Gin Gin Ser Ala Thr Val Thr Leu 
260 265 27C 

Asp Val Cys His Phe Gly Leu Glu lie Gly Ser Arg Phe Phe Phe 
275 280 285 



c210> 20 
<211> 133 
<212> PRT 

<213> Ehrlichia canis 
<400> 20 

Met Asn Cys Lys Lys Val Phe Thr lie Ser Ala Leu lie Ser Ser lie 
15 10 15 

Tyr Phe Leu Pro Asn Val Ser Tyr Ser Asn Pro Val Tyr Gly Asn Ser 

20 25 30 

Met Tyr Gly Asn Phe Tyr lie Ser Gly Lys Tyr Met Pro Ser Val Pro 
35 40 45 

His Phe Gly lie Phe Ser Ala Glu Glu Glu Lys Lys Lys Thr Thr Val 
50 55 60 

Val Tyr Gly Leu Lys Glu Asn Trp Ala Gly Asp Ala lie Ser Ser Gin 
65 70 75 80 

Ser Pro Asp Asp Asn Phe Thr lie Arg Asn Tyr Ser Phe Lys Tyr Ala 

85 90 95 

Ser Asn Lys Phe Leu Gly Phe Ala Val Ala lie Gly Tyr Ser lie Gly 
100 105 110 

Ser Pro Arg lie Glu Val Glu Met Ser Tyr Glu Ala Phe Asp Val Lys 
115 120 125 

Asn Gin Gly Asn Asn 
130 



<210> 21 
<211> 686 
<212> DNA 

<213> Ehrlichia canis 
<400> 21 

atgaaagcca tcaaattcat acttaatgrc tgcttactat ttgcagcaat atttttaggg 60 
tattcctata ttacaaaaca aggcatattt caaacaaaac atcatgatac acctaatac: 120 
actataccaa atgaagacgg tattcaatct agctttagct taatcaatca agacggtaaa 180 
acagtaacca gccaagattt cctagggaaa cacatgttag ttttgtttgg attctctgca 240 
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tgtaaaagca ttcgccctgc agaattggga ttagtatctg aagcacttgc acaacttggt 300 

aataatgcag acaaattaca agtaatttct attacaattg atccaaaaaa tgatac:gta 360 

gaaaaattaa aagaatttca tgaacatttt gattcaagaa ctcaaatgtt aacaggaaat 420 

actgaagaca tuatcaaa: aattaaaaat tataaaata: atgt:ggaca agcagataaa 480 

gatcatcaaa ttaaccattc tgcaataatg taccttattg acaaaaaagg atcatatctt 540 

tcacacttca ttccagattt aaaatcacaa gaaaatcaag tagataagt: actatcttta 600 

gttaagcagt atctgtaaat aaattcatgg aatacgttgg atgagtaggt tttttttagt 660 

atttttagtg ctaataacat tggcat 680 

<210> 22 
<211> 618 
<212> DNA 

<213> Ehrlichia chaffeensis 
<400> 22 

atgaaagtta tcaaatttat acttaatatc tgtttattat ttgcagcaat ttttctagga 60 

tattcctacg taacaaaaca aggcattttt caagtaagag atcataacac tcccaataca 120 

aatatatcaa ataaagccag cattactact agtttttcgt tagtaaatca agatggaaat 180 

acagtaaata gtcaagattt tttgggaaaa tacatgctag ttttatttgg attttcttca 240 

tgtaaaagca tctgccctgc tgaattagga atagcatctg aagttctctc acagcttggt 300 

aatgacacag acaagttaca agtaattttc attacaattg atccaacaaa tgatactgta 360 

caaaaattaa aaacatttca tgaacatttt gatcctagaa ttcaaatgct aacaggcagt 420 

gcagaagata ttgaaaaaa: aataaaaaat tacaaaatat atgttggaca agcagataaa 460 

gataatcaaa ttgatcactc tgccataatg tacattatcg ataaaaaagg agaatacatt 540 

tcacactttt ctccagattt aaaatcaaca gaaaatcaag tagataagtt actatctata 600 
ataaaacaat atctctaa 



<210> 23 

<211> 205 

<212> PRT 

<213> Ehrlichia cams 

<400> 23 

Met Lys Ala lie Lvs Phe lie Leu Asn Val Cys Leu Leu Phe Ala Ale 

1 % 10 15 
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lie Phe Leu Gly Tyr Ser Tyr lie Thr Lys Gin Gly lie Phe Gin Thr 
20 25 30 

Lys His His Asp Thr Pre Asn Thr Thr lie Pre Asn Glu Asp Gly lie 
35 40 45 

Gin Ser Ser Phe Ser Leu lie Asn Gin Asp Gly Lys Thr Val Thr Ser 
50 55 60 

Gin Asp Phe Leu Gly Lys His Met Leu Val Leu Phe Gly Phe Ser Ala 
65 70 75 80 

Cys Lys Ser lie Cys Pro Ala Glu Leu Gly Leu Val Ser Glu Ala Leu 
85 90 95 

Ala Gin Leu Gly Asn Asn Ala Asp Lys Leu Gin Val lie Phe lie Thr 
100 105 110 

lie Asp Pro Lys Asn Asp Thr Val Glu Lys Leu Lys Glu Phe His Glu 
115 120 125 

His Phe Asp Ser Arg lie Gin Met Leu Thr Gly Asn Thr Glu Asp lie 
130 135 140 

Asn Gin lie lie Lys Asn Tyr Lys lie Tyr Val Gly Gin Ala Asp Lys 
145 150 155 160 

Asp His Gin lie Asn His Ser Ala lie Met Tyr Leu lie Asp Lys Lys 
165 170 175 

Gly Ser Tyr Leu Ser His Phe lie Pro Asp Leu Lys Ser Gin Glu Asn 
180 185 190 

Gin Val Asp Lys Leu Leu Ser Leu Val Lys Gin Tyr Leu 

195 200 205 



<210> 24 
<2li> 205 
<212> PRT 

<213> Ehrlichia chaffeensis 
<400> 24 

Met Lys Val lie Lys Phe lie Leu Asn lie Cys Leu Leu Phe Ala Ala 
15 10 15 

lie Phe Leu Gly Tyr Ser Tyr Val Thr Lys Gin Gly lie Phe Gin Val 

20 25 3C 

Arg Asp His Asn Thr Pro Asn Thr Asn lie Ser Asn Lys Ala Ser lie 
35 40 45 

Thr Thr Ser Phe Ser Leu Val Asn Gin Asp Gly Asn Thr Val Asn Ser 

5 0 5 5 6 0 
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Gin Asp Phe Leu Gly Lys Tyr Met Leu Val Leu Phe Gly Phe Ser Ser 
65 '"C ^5 80 

Cys Lys Ser lie Cys Pre Ala Glu Leu Gly lie Ala Ser Glu Val Leu 

85 90 95 

Ser Gin Leu Gly Asn Asp Thr Asp Lys Leu Gin Val He Phe He Thr 
100 105 110 

He Asp Pro Thr Asn Asp Thr Val Gin Lys Leu Lys Thr Phe His Glu 
115 120 125 

His Phe Asp Pro Arg He Gin Met Leu Thr Gly Ser Ala Glu Asp He 
130 135 140 

Glu Lys He He Lys Asn Tyr Lys He Tyr Val Gly Gin Ala Asp Lys 
145 150 155 160 

Asp Asn Gin He Asp His Ser Ala He Met Tyr He He Asp Lys Lys 

16 5 170 175 

Gly Glu Tyr He Ser Hxs Phe Ser Pro Asp Leu Lys Ser Thr Glu Asn 
180 185 190 

Gin Val Asp Lys Leu Leu Ser He He Lys Gin Tyr Leu 
195 200 205 



<210> 25 
<211> 618 
<212> DNA 

<213> Cowdria ruminant ium 

<220> 

<221> CDS 

<222> II) . . (615) 

<400 > 2 5 

atg aag get ate aay ttt ata ett aat eta tgr tta eta ttt qca gca 48 

Met Lvs Ala He Lys Phe He Leu Asn Leu Cys Leu Leu Phe Ala Ala 
1 5 10 15 

att ttt ttg gga tat tet tae ata aca aaa eaa ggt ata tte caa cca 96 
He Phe Leu Gly Tyr Ser Tyr He Thr Lys Gin Gly He Phe Gin Pre 
20 25 30 

aaa tta cae gae tet eet gat gtt aat ata teg aae aaa gcg gat ata 14- 
Lys Leu His Asp Ser Pre Asp Val Asn He Ser Asn Lys Ala Asp He 
i c 4 0 4 5 



aat aet age ttt age tta att aat cag gat ggt att acg ata tet agt 
Asn Thr Ser Phe Ser Leu He Asn Gin Asp Gly He Thr He Ser Ser 

e; - 5 5 6 0 



19: 



aaa cj a z 



tte ett gga aaa eat atg tta gtc ett ttt ggg ttt tet te: 
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Lys Asp Phe Leu Gly Lys His Met Leu Val Leu Phe Gly Phe Ser Ser 
65 70 75 80 

tgt aaa act att tgc ccc atg gaa eta ggg tta gca tec aca att eta 288 

Cys Lys Thr lie Cys Pro Met Glu Leu Gly Leu Ala Ser Thr lie Leu 

85 90 95 



gat caa ctt ggc aac gaa tct gac aag tta caa gta gtc ttt ata act 
Asp Gin Leu Gly Asn Glu Ser Asp Lys Leu Gin Val Val Phe lie Thr 
100 105 110 



336 



att gat cca aca aaa gat act gta gaa aca eta aaa gag ttt cac aaa 
lie Asp Pro Thr Lys Asp Thr Val Glu Thr Leu Lys Glu Phe His Lys 
115 120 125 



384 



aat ttt gac tea egg att caa atg tta aca gga aac att gaa get att 
Asn Phe Asp Ser Arg lie Gin Met Leu Thr Gly Asn lie Glu Ala He 
130 135 140 



432 



aat caa ata gta caa ggg tac aaa gta tat gta ggt cag cca gac aat 
Asn Gin He Val Gin Gly Tyr Lys Val Tyr Val Gly Gin Pro Asp Asn 
145 150 155 160 



480 



gat aac caa att aac cat tct gga ata atg tat att gta gac aag aaa 
Asp Asn Gin He Asn His Ser Gly He Met Tyr lie Val Asp Lys Lys 
165 170 175 



528 



gga gaa tat tta aca cat ttt gta cca gat tta aag tea aaa gag cct 
Gly Glu Tyr Leu Thr His Phe Val Pro Asp Leu Lys Ser Lys Glu Pro 
180 185 190 



576 



caa gtg gat aaa tta ctt tct tta att aag cag tat ctt taa 
Gin Val Asp Lys Leu Leu Ser Leu He Lys Gin Tyr Leu 
195 200 205 



618 



<210> 26 
<211> 205 
<212> PRT 

<213> Cowdria ruminant ium 
<400> 26 

Met Lys Ala He Lys Phe lie Leu Asn Leu Cys Leu Leu Phe Ala Ala 
15 10 15 

He Phe Leu Gly Tyr Ser Tyr He Thr Lys Gin Gly lie Phe Gin Pro 
20 25 30 

Lys Leu His Asp Ser Pro Asp Val Asn lie Ser Asn Lys Ala Asp He 

3 5 4 0 4 5 

Asn Thr Ser Phe Ser Leu He Asn Gin Asp Gly He Thr He Ser Ser 

50 55 6C 
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Lys Asp Phe Leu 
65 

Cys Lys Thr lie 



Asp Gin Leu Gly 
10C 

lie Asp Pro Thr 

US 

Asn Phe Asp Ser 

130 

Asn Gin lie Val 
145 

Asp Asn Gin lie 



Gly Glu Tyr Leu 

180 

Gin Val Asp Lys 
195 



Giy Lys His Met 

70 

Cys Pre Met Glu 
85 

Asn Glu Ser Asp 



Lys Asp Thr Val 

120 

Arg lie Gin Met 
135 

Gin Gly Tyr Lys 
150 

Asn His Ser Giy 
165 

Thr His Phe Val 



Leu Leu Ser Leu 
200 



Leu Val Leu Phe 

75 

Leu Gly Leu Ala 

90 

Lys Leu Gin Val 
105 

Glu Thr Leu Lys 



Leu Thr Gly Asn 
140 

Val Tyr Val Gly 
155 

lie Met Tyr lie 

17C 

Pro Asp Leu Lys 
185 

lie Lys Gin Tyr 



Gly Phe Ser Ser 
8 0 

Ser Thr lie Leu 
95 

Val Phe lie Thr 
110 

Giu Phe His Lys 
125 

He Glu Ala He 



Gin Pro Asp Asn 
160 

Val Asp Lys Lys 
175 

Ser Lys Glu Pro 
190 

Leu 
205 



<210> 27 
<211> 981 
<212> DNA 

<213> Cowdria ruminant ium 

<220> 

<221> CDS 

<222> (1) . . (976; 

<400> 27 

atg aag aaa ata ttg gtt acg ttt tta gtt gtt gtt aat gtg ttt tgt 48 

Met Lvs Lvs He Leu Val Thr Phe Leu Val Val Val Asn Val Phe Cys 

c 10 15 



1 



aat get gec att get tea aet gac tea tea gaa gat aaa cag tat att 

Asn Ala Ala He Ala Ser Thr Asp Ser Ser Glu Asp Lys Gin Tyr lie 

20 25 30 

tta att ggt aet ggt tet atg act gga gta tat tat cct ata gga ggt 

Leu He Giy Thr Giy Ser Met Thr Gly Val Tyr Tyr Pro lie Gly Gly 

3 5 4 0 4 5 

age ata tgt agg ttt att gea tet gat tat ggt aat gat aat aac age 

Ser lie Cvs Arc: Phe He Ala Ser Asp Tyr Giy Asn Asp Asn Asn Ser 

5 0 5 5 6 C 



96 
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ata gtt tat tct ata tct tct aca act ggt age gta tat aat ctt aat 
He Vai Cys Ser He Ser Ser Thr Thr Gly Ser Val Tyr Asn Leu Asn 



65 



70 



7 5 BC 



115 



120 125 



att gtt gtt agg gcg aat tct aat ata tea gtt att gat gat ata aaa 
He Val Val Arg Ala Asn Ser Asn He Ser Val He Asp Asp He Lys 



130 



135 140 



ggc aaa aga gtt aat att ggt agt cct ggt act ggt gta aga ata gca 
Gly Lys Arg Val Asn He Gly Ser Pro Gly Thr Gly Val Arg He Ala 



145 150 



155 160 



atg tta aaa ttg tta aat gaa aaa gga tgg gga aga aaa gat ttt get 

Met Leu Lys Leu Leu Asn Glu Lys Gly Trp Gly Arg Lys Asp Phe Ala 

165 170 175 

gtt atg gca aaa tta aaa tea tea gag caa get caa gca tta tgt gat 

Val Met Ala Glu Leu Lys Ser Ser Glu Gin Ala Gin Ala Leu Cys Asp 



180 



185 190 



aat aaa att aat gtg atg gta gat gtt gtt gga cat cct aat get gca 
Asn Lys He Asp Val Met Val Asp Val Val Gly His Pro Asn Ala Ala 



195 



200 205 



att caa qaa gca gca gca act tgt gat ata aaa ttt att tct tta gat 
He Gin Glu Ala Ala Ala Thr Cys Asp He Lys Phe He Ser Leu Asp 



210 



215 220 



225 23C 



gat att att agt ggt gcg tta tac agt aac tta cct gat ata caa act 

Asp He lie Ser Gly Ala Leu Tyr Ser Asn Leu Pro Asp He Gin Thr 



245 



250 255 



260 



ttg ace tat aaa gtt gtt aaa tct ttg gtt age cat tta cat gaa eta 
Leu Ala Tyr Lys Val Val Lys Ser Leu Val Ser His Leu His Glu Leu 



1 n - 



:8C 28 5 



MO 



tct atg cgt tat gca aat atg gat ata ggt att att caa tct gat tta 288 

Ser Met Ara Tvr Ala Asn Met Asp He Gly He He Gin Ser Asp Leu 

85 90 9$ 

gag tac tat gca tat aat ggt att ggt tta tat gaa aaa atg cca gca 336 

Glu Tyr Tvr Ala Tyr Asn Gly He Gly Leu Tyr Glu Lys Met Pro Ala 

100 ' 105 HO 

atg aga cat eta aga ata tta tct tea tta cat aaa gaa tat ctt aca 384 

Met Arg His Leu Arg He Leu Ser Ser Leu His Lys Glu Tyr Leu Thr 



432 



480 



528 



576 



624 



gat gat etc ata gat aaa tta cat act aag tat cec tat tat aaa agg 720 
Asp Asp Leu He Asp Lys Leu His Thr Lys Tyr Pro Tyr Tyr Lys Arg 



768 



att tea ata aaa act tct tta ata aca act act gaa tta age aat gag 8±b 
Val Ser Val Lvs Ala Ser Leu He Thr Thr Thr Glu Leu Ser Asn Glu 

265 270 



864 
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cat gga att act gga get ctt aga aat ctt act gta aaa gac atg gta 9i: 

His Gly He Thr Giy Ala Leu Arg Asn Leu Thr Val Lys Asp Met Val 

29C 295 30C 



cag tea gat att aca cct tta cat gac ggt gca aaa cgt tat tat aag 

Gin Ser Asp lie Thr Pre Leu His Asp Gly Ala Lys Arg Tyr Tyr Lys 

305 31 C 315 32C 

gaa att gga gtt ata aaa taa 

Glu He Gly Val He Lys 
325 



96 C 



981 



< 2 1 0 > 28 
<211> 326 
<212> PRT 

<213> Cowdria ruminantium 
<400> 28 

Met Lys Lys He Leu Val Thr Phe Leu Val Val Val Asn Val Phe Cys 
1 ' " 5 10 15 

Asn Ala Ala He Ala Ser Thr Asp Ser Ser Glu Asp Lys Gin Tyr He 
20 25 30 

Leu He Gly Thr Gly Ser Met Thr Gly Val Tyr Tyr Pro He Gly Gly 
35 40 45 

Ser He Cys Arg Phe He Ala Ser Asp Tyr Gly Asn Asp Asn Asn Ser 

50 55 60 

He Val Cys Ser He Ser Ser Thr Thr Gly Ser Val Tyr Asn Leu Asn 
65 " 70 75 80 

Ser Met Arg Tyr Ala Asn Met Asp He Gly He He Gin Ser Asp Leu 

85 90 95 

Glu Tyr Tyr Ala Tyr Asn Gly He Gly Leu Tyr Glu Lys Met Pro Ala 
100 105 HO 

Met Arg His Leu Arg He Leu Ser Ser Leu His Lys Glu Tyr Leu Thr 
115 120 125 

lie Val Val Arg Ala Asn Ser Asn He Ser Val He Asp Asp He Lys 
13 C 13 5 14 C 

Gly Lvs Arg Val Asn He Gly Ser Pre Gly Thr Giy Val Arg lie Aia 

. . 1 ~ - <- -> - = 1 6 C 

X *i s ±ov ■>--- 

Met Leu Lvs Leu Leu Asn Glu Lvs Gly Trp Gly Arg Lys Asp Phe Ala 

165 170 175 

Val Met Aia Glu Leu Lvs Ser Ser Glu Gin Ala Gin Ala Leu Cys Asp 
180 " 165 19C 
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Asn Lys lie Asp Val Met Val Asp Val Val Gly His Pro Asn Ala Ala 
195 200 205 

lie Gin Glu Ala Ala Ala Thr Cys Asp lie Lys Phe lie Ser Leu Asp 
210 215 220 

Asp Asp Leu lie Asp Lys Leu His Thr Lys Tyr Pro Tyr Tyr Lys Arg 
225 230 235 240 

Asp lie He Ser Gly Ala Leu Tyr Ser Asn Leu Pro Asp He Gin Thr 
245 250 255 

Val Ser Val Lys Ala Ser Leu He Thr Thr Thr Glu Leu Ser Asn Glu 
260 265 270 

Leu Ala Tyr Lys Val Val Lys Ser Leu Val Ser His Leu His Glu Leu 

275 280 285 

His Gly lie Thr Gly Ala Leu Arg Asn Leu Thr Val Lys Asp Met Val 
29C 295 300 

Gin Ser Asp He Thr Pro Leu His Asp Gly Ala Lys Arg Tyr Tyr Lys 
305 310 315 320 

Glu He Gly Val He Lys 
325 



<210> 29 
<211> 519 
<212> DNA 

<213> Cowdria ruminantium 

<220> 

<221> CDS 

<222> (1) . . (516) 

<400> 29 

atg aat ata ttc aat tat atg cag ata atg cct aat ata agt gtt gat 48 

Met Asn He Phe Asn Tyr Met Gin He Met Pro Asn He Ser Val Asp 

15 10 15 

gca ttt gtt gca cct act get gta att ata ggt gat gtt tgt gta aat 96 
Ala Phe Val Ala Pro Thr Ala Val He He Gly Asp Val Cys Val Asn 

20 25 30 

gac aag tgt age att tgg tat aac tea gta tta cgt gga gat gta ggc 144 
Asp Lys Cys Ser He Trp Tyr Asn Ser Val Leu Arg Gly Asp Val Gly 
35 40 45 

caa att gtt att ggt gta ggt act aat att caa gat ggg aca ata ata 192 
Gin lie Val lie Gly Val Gly Thr Asn He Gin Asp Gly Thr lie lie 

5G 55 60 
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cat gtt ga: agg aaa tat ggt aat acg aat att ggc aaa aag gtt act 24C 

His Val Asp Arg Lys Tyr Giy Asn Thr Asn He Gly Lys Lys Val Thr 

65 70 75 8C 

att ggg cat ggg tgt ata tta cat get tgt gag ata caa gat tat gtg 286 

He Glv His Gly Cys He Leu His Ala Cys Glu He Gin Asp Tyr Val 

8 5 9 0 9 5 



ctt gtt gga atg gga tct att att atg gat aac gtt gtg gtt gaa aag 

Leu Val Gly Met Gly Ser He He Met Asp Asn Val Val Val Glu Lys 

100 105 110 

aat gca atg gtg get get gga tea tta gtg gta aga ggt aaa gtt gtg 

Asn Ala Met Val Ala Ala Gly Ser Leu Val Val Arg Gly Lys Val Val 
115 120 125 

aaa act ggt gaa tta tgg get ggt agg cct gca caa ttt tta aga atg 

Lys Thr Gly Glu Leu Trp Ala Gly Arg Pro Ala Gin Phe Leu Arg Met 

130 ' 135 140 

ttg tct agt gat gaa att aaa gag ata agt aaa tct get gat aac tat 

Leu Ser Ser Asp Glu He Lys Glu He Ser Lys Ser Ala Asp Asn Tyr 
145 ' 150 155 160 

ata gag ctt gee agt gat tac ata act ggt aag ttg taa 

He Glu Leu Ala Ser Asp Tyr He Thr Gly Lys Leu 
165 170 



<210> 30 
<211> 172 
<212> PRT 

<213> Cowdria ruminant lum 
<400> 30 

Met Asn He Phe Asn Tyr Met Gin lie Met Pro Asn He Ser Val Asp 

15 10 15 

Ala Phe Val Ala Pre Thr Ala Val He He Gly Asp Va. Cys Val Asn 

20 25 3C 

Asp Lys Cys Ser He Trp Tyr Asn Ser Val Leu Arg Gly Asp Val Gly 
35 4 0 4 5 

Gin He Val He Glv Val Glv Thr Asn He Gin Asp Gly Thr He He 

50 55 60 

His Val Asc Arc Lvs Tvr Gly Asn Thr Asn He Gly Lys Lys Val Thr 
65 70 75 80 

He Glv His Glv Cvs He Leu His Ala Cys Glu He Gin Asp Tyr Val 
85 SC 55 

Leu Val Gly Met Gly Ser lie lie Met Asp Asn Val Val Val Glu Lys 

ice io= 



336 



384 



43: 



4BC 



519 
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Asn Ala Met Val 
115 

Lys Thr Gly Glu 
130 

Leu Ser Ser Asp 
14 5 

lie Glu Leu Ala 



Ala Ala Gly Ser 
120 

Leu Trp Ala Gly 
135 

Glu lie Lys Glu 
15C 

Ser Asp Tyr He 
165 



Leu Val Val Arg 



Arg Pro Ala Gin 

140 

lie Ser Lys Ser 
155 

Thr Gly Lys Leu 
170 



Gly Lys Val Val 
125 

Phe Leu Arg Met 



Ala Asp Asn Tvr 

160 



< 2 1 C > 31 
<211> 753 
<212> DNA 

c213> Cowdria ruminantium 

<220> 

<221> CDS 

<222> (1) . • (750) 



Itg^tg'ata aga ate ttt ctt ttg tta ggc tta gta tta tta gta gca 
Met Met He Arg lie Phe Leu Leu Leu Gly Leu Val Leu Leu Val Ala 



1 5 



10 



20 



act aca ttg gat aag gat gca gtt ata tct ata gtt gag gaa tat ata 
Thr Thr Leu Asp Lys Asp Ala Val He Ser lie Val Glu Glu Tyr lie 



40 



4 5 



acc aat tat cct cag ago gta ata gat tta ctt act aca ggc caa gca 
Thr Asn Tvr Pro Gin Arg Val He Asp Leu Leu Thr Thr Gly Gin Axa 



50 



55 



60 



caa gca gaa aga gca gag ctt act gaa aat act aaa aaa tat aaa tct 
Gin Ala Glu Arg Ala Glu Leu Thr Glu Asn lie Lys Lys Tvr Lys Ser 



65 



7 0 " * 



gag ctt gaa gat att gca tac cca tct get ggc aat aaa gac agt aaa 
Glu Leu Glu Asp He Ala Tyr Pro ' ' " " 



85 



Ser Ala Glv Asn Lvs Asp Ser Lys 

9C 55 



100 



atg ttt qaa gat ate aaa caa att ata aaa gat ggt aag gta cgt 
Met Phe Glu Asp lie Lys Gin He lie Lys As P Gly Lys Val Arg 

120 



V cx j 



.1: 



48 



agt ttt cca eta tta aat aac tgg eta tct aat cat tct ggt aag tct 96 
Ser Phe Pro Leu Leu Asn Asn Trp Leu Ser Asn His Ser Gly Lys Ser 

25 30 



144 



19: 



24C 



288 



att gca ttt att gag ttc ttc gat tac tct tgt ggt tat tgt aaa atg 336 
He Ala Phe lie Glu Phe Phe Asp Tyr Ser Cys Gly Tyr Cys Lys Me. 

10 5 110 



384 
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att ttt aga gat ttt cca ata ctt ggg gaa rcg teg tta aag get gtt 432 

He Phe Arg Asp Phe Pre He Leu Gly Glu Ser Ser Leu Lys Ala Vai 

130 *35 14C 

aaa gea gca ttg act gta cat ctt ate aat cca agt aaa tac ttg gae 48C 

LV c Ala Ala Leu Ala Val His Leu He Asn Pre Ser Lys Tyr Leu Asp 

145 

ttc tat tat gca gca tta aat cat aaa cag cca ttt aat gat gaa tct 528 

Phe Ty- Tyr Ala Ala Leu Asn His Lys Gin Pro Phe Asn Asp Glu Ser 
165 170 175 



ata ctt aat ata gtt aaa tea ctt gaa att tea gaa gag gaa ttt aaa 

He Leu Asn He Val Lys Ser Leu Glu He Ser Glu Glu Glu Phe Lys 
180 185 190 

gat tct tta tct aaa aat tct agt act att gat aag atg ata gag tec 

Asp Ser Leu Ser Lys Asn Ser Ser Thr He Asp Lys Met He Glu Ser 

19 5 2 00 2 05 

act aga aat ctg get gag aag tta aat ate aga ggt act cct get ctt 

Thr Arg Asn Leu Ala Glu Lys Leu Asn He Arg Gly Thr Pro Ala Leu 
210 215 220 

ata ata ggt gat gca ttc att ggg gga get gca gat tta tea act tta 

He He Gly Asp Ala Phe He Gly Gly Ala Ala Asp Leu Ser Thr Leu 
225 230 235 240 

aga agt aaa ata gta gaa cag cag gaa caa taa 
Arg Ser Lys He Val Glu Gin Gin Glu Gin 
24 5 250 



<210> 32 
<211> 250 
<212> PRT 

<213> Cowdria ruir.inantium 
<400> 32 

Met Me- He Arg He Phe Leu Leu Leu Gly Leu Val Leu Leu Val Ala 
1 E 1C 15 

Ser Phe Pre Leu Leu Asn Asn Trp Leu Ser Asn Hrs Ser Gly Lys Ser 

20 " J " 

Thr Thr Leu Asp Lys Asp Ala Val He Ser He Val Glu Glu Tyr He 

4 0 4 5 



Tnr Asn Tyr Pre Gin Arg Val lie Asp Leu Leu Thr Thr Gly Gin Ale 

5 Q 5 E k C 

Gin .-.la Glu Arc Ala Glu Leu Thr Glu Asr. He Lys Lys Tyr Lys Se: 

65 " - 8C 



576 



624 



672 



72C 



753 
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Glu Leu Glu Asp lie Ala Tyr Pro Ser Ala Gly Asn Lys Asp Ser Lys 

85 90 95 

He Ala Phe He Glu Phe Phe Asp Tyr Ser Cys Gly Tyr Cys Lys Met 
100 105 HO 

Met Phe Glu Asp He Lys Gin He He Lys Asp Gly Lys Val Arg Val 
115 120 125 

He Phe Arg Asp Phe Pro He Leu Gly Glu Ser Ser Leu Lys Ala Val 
130 " 135 140 

Lys Ala Ala Leu Ala Val His Leu He Asn Pro Ser Lys Tyr Leu Asp 
145 150 155 150 

Phe Tyr Tyr Ala Ala Leu Asn His Lys Gin Pro Phe Asn Asp Glu Ser 
165 170 175 

He Leu Asn He Val Lvs Ser Leu Glu He Ser Glu Glu Glu Phe Lys 
180 185 190 

Asp Ser Leu Ser Lys Asn Ser Ser Thr He Asp Lys Met He Glu Ser 
19 5 200 205 

Thr Arg Asn Leu Ala Glu Lys Leu Asn He Arg Gly Thr Pro Ala Leu 
210 215 220 



He He Gly Asp 



Ala Phe He Gly Gly Ala Ala Asp Leu Ser Thr Leu 
225 230 ' 235 240 

Arg Ser Lvs He Val Glu Gin Gin Glu Gin 
245 250 



<210> 33 
<211> 450 
<212> DNA 

<213> Cowdria ruminant rum 

<220> 

<221> CDS 

<222> ( 1 ) . . ( 44 7 i 

<400> 33 

atg cat aga tea aat att att gaa ate ttt ata gga ttc eta gtg tea 48 

Met His Arg Ser Asn He He Glu He Phe He Gly Phe Leu Val Leu 

5 

qca gqa qca ata tct att ggg ata ata gca ttt aac aaa tta cca tat S6 

Ala Glv Ala He Ser He Glv He He Ala Phe Asn Lys Leu Pro Tyr 

20 25 30 

aaa aat acc ttg cat aat tgt tat aca gtt aaa gca ttt ttc tea aat 14< 
Lvs Asn Thr Leu Arg Asn Cys Tyr Thr Val Lys Ala Phe Phe Ser Asn 

3 5 4 0 4 5 
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gta gat ggg ttg gac ata gga gat gaa gta aca ata tea gga gta aaa 191 
Val Asp Gly Leu Asp He Gly Asp Glu Val Thr He Ser Gly Val Lys 



50 



60 



ata ggt aca gta act tea ata tea ttg aat gaa age tat act cct ata 
He Gly Thr Val Thr Ser He Ser Leu Asn Glu Ser Tyr Thr Pre lie 

70 75 80 



65 



gat tea ctt att aag tag 
Asp Ser Leu He Lys 
145 



24 0 



2 88 



gta aca atg tgc ata cag aaa aat ate tta eta cct tea gat agt tea 

Val Thr Met Cys He Gin Lys Asn He Leu Leu Pro Ser Asp Ser Ser 
"85 90 95 

gca tct ata tta aac age aat atg tta gga aaa aag cac att gat ate 336 

Ala Ser He Leu Asn Ser Asn Met Leu Gly Lys Lys His He Asp He 

100 105 HO 

gaa ctt gga tea gat caa gaa gtc ate gta agt gaa ggt tta ata gaa 384 

Glu Leu Gly Ser Asp Gin Glu Val He Val Ser Glu Gly Leu He Glu 

115 120 125 

cat aca cat tea gat tta agt ttc aat gca att att get aaa ata ata 432 

His Thr His Ser Asp Leu Ser Phe Asn Ala He He Ala Lys He He 

130 135 140 



450 



<210> 34 
<211> 149 
<212> PRT 

<213> Cowdria ruminantium 
<400> 34 

Met His Arg Ser Asn He He Glu He Phe He Gly Phe Leu Val Leu 
15 10 15 



Ala Gly Aia lie Ser lie 



^3 J- ' 



/via Phe Asn Lys Leu Pro Tyr 



20 25 30 

Lys Asn Thr Leu Arg Asn Cys Tyr Thr Val Lys Ala Phe Phe Ser Asn 
35 40 45 

Val Asn Gly Leu Asp He Gly Asp Glu Val Thr He Ser Gly Val Lys 
50 " 55 60 

He Glv Thr Val Thr Ser He Ser Leu Asn Glu Ser Tyr Thr Pre He 
6 5 7 0 7 5 8 0 

Val Thr Met Cys He Gin Lvs Asn He Leu Leu Pro Ser Asp Ser Ser 
65 90 95 

Aia Ser He Leu Asn Ser Asn Met Leu Gly Lys Lys His lie Asp He 

100 105 ilC 
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Glu Leu Gly Ser Asp Gin Glu Val lie Val Ser Glu Gly Leu lie Glu 
115 120 125 

His Thr His Ser Asp Leu Ser Phe Asn Ala lie lie Ala Lys lie lie 
130 135 140 

Asp Ser Leu lie Lys 
145 
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see FURTHER INFORMATION sheet PCT/ISA/210 



2. | | Claims Nos.: 
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3. | [ Claims Nos.: 

because th{? y are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 



1 . I I As ail required additional search fees were timely paid by the applicant, this International Search Report covers all 
' 1 searchable claims. 
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3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. [^\ No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
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Continuation of Box 1.1 

Although claims 10 to 19 are directed to a method of treatment of the 
human/animal body, and claim 20 (as far as an in vivo method is 
concerned) is directed to a diagnostic method practised on the 
human/animal body, the search has been carried out and based on the 
alleged effects of the compound/composition. 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-24 



1.1. Claims: 1-2,6-7,10-11,17-19,21-22 (all partially) 
A composition comprising a polynucleotide encoding an 
antigen from Rickettsia spp. and methods for using it 
in protection of a host against a disease or death, or 
in diagnostic. 



1.2. Claims: 1-4,6-13,17-24 (all partially), and claims 5, 
15 (totally) 

Compositions comprising SEQ IDs 3,4; 7,14; 8,15; 9,16; 
10,17; 11,18 and 22,24 (corresponding to the MAPI, 
VSA1 to VSA5 and MAP2 antigens from Ehrlichia 
chaffeensis) and methods for using them in protection 
of a host against a disease or death, or in diagnostic. 



1.3. Claims: 1-4,6-13,17-24 (all partially) 

Compositions comprising SEQ IDs 12,19; 13,20 and 21,23 
(corresponding to the VSA1, VSA2 and MAP2 antigens 
from Ehrlichia canis) and methods for using them in 
protection of a host against a disease or death, or in 
diagnostic. 



1.4. Claims: 1-4,6-13,17-19, 

21-24 (all partially) and claim 16 (totally) 

A compositions comprising SEQ IDs 4 and 5 
(corresponding to the MSP-4 antigen from Anaplasma 
marginal e) and methods for using it in protection of a 
host against a disease or death, or in diagnostic. 



1.5. Claims: 1-4,6-13,17-19, 

21-24 (all partially) and claim 14 (totally) 

Compositions comprising SEQ IDs 1,2 and 25,26 
(corresponding to the antigens MAPI and MAP2 from 
Cowdria ruminantium) and methods for using them in 
protection of a host against a disease or death, or in 
diagnostic. 



2. Claims: 1-4,6-13,17-19,21-24 (all partially) 

A composition comprising SEQ IDs 27 and 28 (corresponding to 

the lhworf3 antigen from Cowdria ruminantium) and methods 
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for using it in protection of a host against a disease or 
death, or in diagnostic. 



3. Claims: 1-4,6-13,17-19,21-24 (all partially) 

A composition comprising SEQ IDs 29 and 30 (corresponding to 
the 4hworfl antigen from Cowdria ruminantium) and methods 
for using it in protection of a host against a disease or 
death, or in diagnostic. 

4. Claims: 1-4,6-13,17-19,21-24 (all partially) 

A composition comprising SEQ IDs 31 and 32 (corresponding to 
the 18hworfl antigen from Cowdria ruminantium) and methods 
for using it in protection of a host against a disease or 
death, or in diagnostic. 



5. Claims: 1-4,6-13,17-19,21-24 (all partially) 

A composition comprising SEQ IDs 33 and 34 (corresponding to 
the 3gdorf3 antigen from Cowdria ruminantium) and methods 
for using it in protection of a host against a disease or 
death, or in diagnostic. 



Please note that all inventions mentioned under item 1, although not 
necessarily linked by a comnon inventive concept, could be searched 
without effort justifying an additional fee. 
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DESCRIPTION 

NUCLEIC ACID VACCINES AGAINST 
RICKETTSIAL DISEASES AND ME THODS OF USE 

This invention was made with government support under USAID Grant No. LAG- 1 328- 
G-OO-3030-00. The government has certain rights in this invention. 

Technical Field 

This invention relates to nucleic acid vaccines for rickettsial diseases of animals, 
including humans. 

Background of the Invention 

The rickettsiasare a group of small bacteria commonly transmitted by arthropod vectors 
to man and animals, in which they may cause serious disease. The pathogens causing human 
rickettsial diseases include the agent of epidemic typhus. Rickettsia prowazekii. which has 
resulted in the deaths of millions of people during wartime and natural disasters. The causative 
aeents of spotted fever, e.g.. Rickettsia rickettsii and Rickettsia conorii. are also included within 
this group. Recently, new types of human rickettsial disease caused by members of the tribe 
Ehrlichiae have been described. Ehriichiae infect leukocytes and endothelial cells ofmany 
different mammalian species, some of them causing serious human and veterinary diseases. 
Over 400 cases of human ehrlichiosis, including some fatalities, caused by Ehrlichia chaffeensis 
have now been reported. Clinical signs of human ehrlichiosis are similar to those of Rock\ 
Mountain spotted fever, including fever, nausea, vomiting, headache, and rash 

Heartwater is another infectious disease caused by a rickettsial pathogen. namel\ 
Cowdria rum in annum, and is transmitted by ticks of the genus Amblvonmui. The disease occurs 
throughout most of Africa and has an estimated endemic area of about 5 million square miles 
In endemic areas, heartwater is a latent infection in indigenous breeds of cattle that have been 
subjected to centuries of natural selection. The problems occur where the disease contacts 
susceptible or naive cattle and other ruminants. Heartwater has been confirmed to be on the 
island of Guadeloupe in the Caribbean and is spreading through the Caribbean Islands. The tick 
vectors responsible for spreading this disease are already present on the American mainland and 
threaten the livestock industry in North and South America. 
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In acute cases of heartwater. animals exhibit a sudden rise in temperature, signs of 
anorexia, cessation of rumination, and nervous symptoms including staggering, muscle 
twitching. and convulsions. Death usually occurs during these convulsions. Peracute cases of 
the disease occur where the animal collapses and dies in convulsions having shown no 
preliminary symptoms. Mortality is high in susceptible animals. Angora sheep infected with 
the disease have a 90% mortality rate while susceptible cattle strains have up to a 60% mortality 



rate. 



If detected early, tetracycline or chloramphenicol treatment are effective against 
rickettsial infections, but symptoms are similar to numerous other infections and there are no 
10 satisfactory diagnostic tests (Helmick. C. K. Bernard. L. D'Angelo [1984] ./. Infect. Dis. 

150:480). 

Animals which have recovered from heartwater are resistant to further homologous, and 
in some cases heterologous.strain challenge. It has similarly been found that persons recovering 
from a rickettsial infection may develop a solid and lasting immunity. Individuals recovered 

1 5 from natural infections are often immune to multiple isolates and even species. For example. 

guinea pigs immunized with a recombinant R. conorii protein were partially protected even 
against/?, ridte/tetf rVishwanath. S., G. McDonald. N. Watkins [1990] Infect. Immun. 58:646). 
It is known that there is structural variation in rickettsial antigens between different geographical 
isolates. Thus, a functional recombinant vaccine against multiple isolates would need to contain 

20 multiple epitopes, e.g., protective T and B cell epitopes, shared between isolates. It is believed 

that serum antibodies do not play a significant role in the mechanism of immunity against 
rickettsia(Uilenberg.G. [\9Z3] Advances in Vet. Sci. and Comp. Med. 27:427-480: Du Plessis. 
Plessis. J.L. [1970] Onderstepoort J. Vet. Res. 37(3): 1 47- 1 50). 

Vaccines based on inactivated or attenuated rickettsiae have been developed against 

25 certain rickettsial diseases, for example against R. prowazekii and R. rickettsii. However, these 

vaccines have major problems or disadvantages, including undesirable toxic reactions, difficulty 
in standardization.and expense (Woodward. T. [1981] -Rickettsial diseases: certain unsettled 
problems in their historical perspective.'- In Rickettsia and Rickettsial Diseases. W. Burgdorfe. 
and R. Anacker. eds.. Academic Press. New York. pp. 1 7-40). 

30 A vaccine currently used in the control of heartwater is composed of live infected sheep 

blood. This vaccine also has several disadvantages. First, expertise is required for the 
intravenous inoculation techniques required to administer this vaccine. Second, vaccinated 
animals may experience shock and so require daily monitoring for a period after vaccination. 
There is a possibility of death due to shock throughout this monitoring period, and the drugs 
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needed to treat any shock induced by vaccination are costly. Third, blood-borne parasites ma\ 
be present in the blood vaccine and be transmitted to the vaccinates. Finally, the blood vaccine 
requires a cold chain to preserve the vaccine. 

Clearly, a safer, more effective vaccine that is easily administered would be particular!) 
5 advantageous. For these reasons, and with the advent of new methods in biotechnology 

investigators have concentrated recently on the development of new types of vaccines, including 
recombinant vaccines. However, recombinant vaccine antigens must be carefully selected and 
presented to the immune system such that shared epitopes are recognized. These factors have 
contributed to the search for effective vaccines. 

I o a protective vaccine against rickettsiae that elicits a complete immune response can be 

advantageous. A few antigens which potentially can be useful as vaccines have now been 
identified and sequenced for various pathogenic rickettsia. The genes encoding the antigens and 
that can be employed to recombinant!} produce those antigen have also been identified and 
sequenced. Certain protective antigens identified for R hckettsii. R. conoriL and R. prowazekii 

15 (e.g.. rOmpAand rOmpB)are large (> 1 00 kDa). dependent on retention of native conformation 

for protective efficacy, but are often degraded when produced in recombinant systems. This 
presents technical and quality-control problems if purified recombinant proteins are to be 
included in a vaccine. The mode of presentation of a recombinantantigen to the immune system 
can also be an important factor in the immune response. 

20 Nucleic acid vaccination has been shown to induce protective immune responses in non- 

viral systems and in diverse animal species (Special Conference Issue. WHO meeting on nucleic 
acid vaccines [1994J Vaccine 12:1491). Nucleic acid vaccination has induced cytotoxic 
lymphocyte (CTL). T-helper 1. and antibody responses, and has been shown to be protective 
against disease (Ulmer. J.. J. DonelK . S. Parker el al \ 1 9931 Science 259: 1 745). For example. 

25 direct intramuscular injection of mice with DNA encoding the influenza nucleoprotein caused 

the production of high titer antibodies, nucleoprotein-specificCTLs. and protection against viral 
challenge. Immunization of mice with plasmid DNA encoding the Plasmodium yoelii 
circumsporozoite protein induced high antibody titers against malaria sporozoites and CTLs. and 
protection against challenge infection (Sedegah. M.. R. Hedstrom. P. Hobart. S. Hoffman [1994] 

30 Froc. Sail. Acad Sci. USA 91:9866). Cattle immunized with plasmids encoding bovine 

herpesvirus 1 (BHV-1 ) glycoprotein IV developed neutralizing antibody and were partial!) 
protected (Cox. G.. T. Zamb. L. Babiuk [ 1993] J. Virol. 67:5664). However, it has been a 
question in the field of immunization whether the recently discovered technology of nucleic acid 
vaccines can provide improved protection against an antigenic drift variant. Moreover, it has 
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not heretofore been recognized or suggested that nucleic acid vaccines may be successful to 
protect against rickettsial disease or that a major surface protein conserved in rickettsia was 
protective against disease 

^ Brief Summary of the Invention 

Disclosed and claimed here arc novel vaccines tor conferring immunity to rickettsia 
infection, including Cowdria ruminantium causing heamvater. Also disclosed arc novel nucleic 
acid compositions and methods of using those compositions, including to confer immunity in 
a susceptible host. Also disclosed are novel materials and methods for diagnosing infections b> 

10 Ehrlichia in humans or animals. 

One aspect of the subject invention concerns a nucleic acid. e.g.. DNA or mRNA. 
vaccine containing the major antigenic protein 1 gene (MAP 1 ) or the major antigenic protein 
2 gene(MAP2)of nckensial pathogens. In one embodiment, the nucleic acid vaccines can be 
driven by the human cytomegalovirus(HCMV ) enhancer-promoter. In studies immunizingmicc 

1 5 by intramuscular injection of a DNA vaccine composition according to the subject invention. 

immunized mice seroconverted and reacted with MAPI in antigen blots. Spienocytes from 
immunized mice, but not from control mice immunized with vector only, proliferated in 
response to recombinant MAPI and rickettsial antigens in in vitro lymphocyte proliferation tests. 
In experiments testing different DNA vaccine dose regimens, increased survival rates as 

20 compared to controls were observed on challenge with rickettsia. Accordingly, the subject 

invention concerns the discovery that DNA vaccines can induce protective immunity against 
rickettsial disease or death resulting therefrom. 

The subject invention further concerns the genes designated Cowdria ruminantium map 
2. Cowdria ruminantium lhwor/3. Cowdria ruminantium 4hworfl . Cowdria ruminantium 

25 lHhworfl, and Cowdria ruminantium 3gdorf3 and the use of these genes in diagnostic and 

therapeutic applications. The subject invention further concerns the proteins encoded by the 
exemplified genes, antibodies to these proteins, and the use of such antibodies and proteins in 
diagnostic and therapeutic applications. 

In one embodiment of the subject invention, the polynucleotide vaccines are 

30 administered in conjunction with an antigen. In a preferred embodiment, the antigen is the 

polypeptide which is encoded by the polynucleotideadmimsteredas the polynucleotide vaccine. 
As a particularly preferred embodiment, the antigen is administered as a booster subsequent to 
the initial administration of the polynucleotide vaccine 
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Brief Description of the Drawings 
Figures 1A-1C show a comparison of the amino acid sequences from alignment of the 
three rickettsial proteins, namely. Cowdria ruminamium (C.r. ). Ehrlichia chaff eensis (E.c. ). and 
Anaplasma marginale {A.m. ). 
5 Figures 2A-2C shows the DNA sequence of the 28 kDa gene locus cloned from E. 

chaffeensis (Fig. 2A-2B) and E. cams (Fig. 2C). One letter amino acid codes for the deduced 
protein sequences are presented below the nucleotide sequence. The proposed sigma-70-iike 
promoter sequences (38) are presented in bold and underlined text as -1 0 and -35 (consensus -35 
and -10 sequences are TTGACA and TATAAT. respectively). Similarly, consensus ribosomal 
10 binding sites and transcriptionterminatorsequences(bo!d letter sequence) are identified. G-rich 

regions identified in the E. chaffeensis sequence are underlined. The conserved sequences from 
within the coding regions selected for RT-PCR assay are identified with italics and underlined 
text. 

Figure 3A shows the complete sequenceof the MAP2 homolog of Ehrlichia cams. The 
1 5 arrow (-») represents the predicted start of the mature protein. The asterisk (*) represents the 

stop codon. Underlined nucleotides 5' to the open reading frame with -35 and -10 below 
represent predicted promoter sequences. Double underlined nucleotides represent the predicted 
ribosomal binding site. Underlined nucleotides 3' to the open reading frame represent possible 
transcription termination sequences. 
20 Figure 3B shows the complete sequence of the MAP2 homolog of Ehrlichia chaffeensis. 

The arrow (-») represents the predicted start of the mature protein. The asterisk (*) represents 
the stop codon. Underlined nucleotides 5' to the open reading frame with -35 and -10 below 
represent predicted promoter sequences. Double underlined nucleotides represent the predicted 
ribosomal binding site. Underlined nucleotides 3' to the open reading frame represent possible 
25 transcription termination sequences. 



Brief Description of the Sequences 
SEQ ID NO. 1 is the coding sequence of the MAPI gene from Cowdria ruminamium 
(Highway isolate). 

30 SEQ ID NO. 2 is the polypeptide encoded by the polynucleotide of SF.O ID NO. 1 

SEQ ID NO. 3 is the coding sequence of the MAPI gene from Ehrlichia chaffeensis. 
SEQ ID NO. 4 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 3. 
SEQ ID NO. 5 is the Anaplasma marginale MSP4 gene coding sequence. 
SEQ ID NO. 6 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 5. 
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SEQ ID NO. 7 is a partial coding sequence of the VSA1 gene from Ehrlichia 
chaffeemis. also shown in Figures 2A-2B. 

SEQ ID NO. 8 is the coding sequence of the VSA2 gene from Ehrlichia chaffeensis. 
also shown in Figures 2A-2B. 
5 SEQ ID NO. 9 is the coding sequence of the VSA3 gene from Ehrlichia chaffeensis. 

also shown in Figures 2A-2B. 

SEQ ID NO. 10 is the coding sequence of the VSA4 gene from Ehrlichia chaffeensis. 
also shown in Figures 2A-2B. 

SEQ ID NO. 11 is a partial coding sequence of the VSA5 gene from Ehrlichia 
10 chaffeensis, also shown in Figures 2A-2B. 

SEQ ID NO. 12 is the coding sequence of the VSA1 gene from Ehrlichia cams, also 
shown in Figure 2C. 

SEQ ID NO. 13 is a partial coding sequence of the VSA2 gene from Ehrlichia cams. 
also shown in Figure 2C. 

15 SEQ ID NO. 14 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 7. 

also shown in Figures 2A-2B. 

SEQ ID NO. 15 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 8. 
also shown in Figures 2A-2B. 

SEQ ID NO. 16 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 9. 
20 also shown in Figures 2A-2B. 

SEQ ID NO. 17 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 1 0. 
also shown in Figures 2A-2B. 

SEQ ID NO. 18 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 11. 
also shown in Figures 2A-2B. 
25 SEQ ID NO. 19 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 12. 

also shown in Figure 2C. 

SEQ ID NO. 20 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 13. 
also shown in Figure 2C. 

SEQ ID NO. 21 is the coding sequence of the MAP2 gene from Ehrlichia cams, also 

30 shown in Figure 3A. 

SEQ ID NO. 22 is the coding sequence of the MAP2 gene from Ehrlichia chaffeensis. 

also shown in Figure 3B. 

SEQ ID NO. 23 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 21. 
also shown in Figure 3 A. 
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SEQ ID NO. 24 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 22. 

also shown in Figure 3B. 

SEQ ID NO. 25 is the coding sequence of the map2 gene from Cowdria ruminamium. 

SEQ ID NO. 26 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 25. 

SEQ ID NO. 27 is the coding sequence of the ih\mrfi gene from Cowdria ruminamium 

SEQ ID NO. 28 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 27. 

SEQ ID NO. 29 is the coding sequence of the 4hworfl gene from Cowdria 
rummuntwni. 

SEQ ID NO. 30 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 29. 
SEQ ID NO. 31 is the coding sequence of the 18hworfJ gene from Cowdria 
ruminamium. 

SEQ ID NO. 32 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 3 1 
SEQ ID NO. 33 is the coding sequenceof the 5gdorf3 gene from Cowdria ruminamium. 
SEQ ID NO. 34 is the polypeptide encoded by the polynucleotide of SEQ ID NO. 33. 

Detailed Disclosure of the Invention 

In one embodiment, the subject invention concerns a novel strategy, termed nucleic acid 
vaccination, for eliciting an immune response protective against rickettsial disease. The subject 
invention also concerns novel compositions that can be employed according to this novel 
strategy for eliciting a protective immune response. 

According to the subject invention, recombinant DNA or mRNA encoding an antigen 
of interest is inoculated directly into the human or animal host where an immune response is 
induced. Prokaryotic signal sequences may be deleted from the nucleic acid encoding an antigen 
of interest. Advantageously, problems of protein purification, as can be encountered with 
antigen delivery using live vectors, can be virtually eliminated by employing the compositions 
or methods according to the subject invention. Unlike live vector delivery, the subject invention 
can provide a further advantage in that the DNA or RNA does not replicate in the host, but 
remains ep.somal. Sec. for example. Wolff. J.A.. J J. Ludike. G. Acsadi. P. Williams. A. Jan. 
(\Q92) Hum. Mol. Genet. 1 :363. A complete immune response can be obtained as recombinant 
antigen is synthesized intracellularlyand presented to the host immune system in the context of 
autologous class 1 and class II MHC molecules. 

In one embodiment, the subject invention concerns nucleic acids and compositions 
comprising those nucleic acids that can be effective in protecting an animal from disease or 
death caused by rickettsia. For example, a nucleic acid vaccine of the subject invention has been 
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shown to be protective against Cowdria ruminantium. the causative agent of headwater in 
domestic rum.nants. Accordmgly.nucleot.de sequencesof rickettsial genes, as described herein, 
can be used as nucleic acid vaccines against human and animal rickettsial diseases. 

in one embodiment of the subject invention, the polynucleotide vaccines are- 
administered in conjunction with an antigen. In a preferred embodiment, the antigen is the 
polypeptide which .s encoded by the polynucleotideadministeredas the polynucleotidcvacc.ne. 
As a particularly preferred embodiment, the antigen is administered as a booster subsequent to 
the mitialadministrat.onofthe polynucleotidevaccine. In another embodimentof the invention, 
the polynucleotidevaccine is administered in the form of a -cocktail" which containsat least two 
of the nucle.c acid vaccines of the subject invention. The -cocktail" may be administered in 
conjunction with an antigen or an antigen booster as described above. 

The MAPI eene. which can be used to obtain this protection, is also present in other 
rickeUs\ae\nz\u&\nzAnaplasmamarginale. Ehrlichia emus, and in a causative agent of human 
ehrlichiosis. Ehrlichia chaffeensis (van Vliet. A., F. Jongejan. M. van Kleef. B. van der Zeijst 
[1994] Infect, lmmun. 62:1451). The MAPI gene or a MAPI -like gene can also be found in 
certain Rickettsia sp P . MAP 1 -like genes from Ehrlichia chaffeensis and Ehrlichia cams have 
now been cloned and sequenced. These MAP- 1 homologs are also referred to herein as Variable 

Surface Antigen (VSA) genes. 

The present invention also concerns polynucleotides encoding MAP2 or MAP2 
20 homologs from Ehrlichia cants and Ehrlichia chaffeensis. MAP2 polynucleotide sequences of 

the inventioncan be used as vaccinecomposit.onsand in diagnosticassays. The polynucleotides 

can also be used to produce the MAP2 polypeptides encoded thereby. 

The subject invention further concerns the genes designated Cowdna ruminantium map 

2. Cowdria ruminantium lhworfl. Cowdria ruminantium -Ihworfl. Cowdria ruminamtum 
25 IShworfl. and Cowdria ruminantium 3gdorf3 and the use of these genes in d.agnost.c and 

therapeutic applications. The subject invention further concerns the proteins encoded by the 

exemplified genes, antibodies to these proteins, and the use of such antibodies and proteins in 

diagnostic and therapeutic applications. 

Compositions comprising the subject polynucleotides can include appropriate nucleic 
30 acid vaccine vectors ( plasmids). which are commercially-available (<?.£.. Vical. San Diego. C A 

In addition, the compositionscan include a pharmaceuticallyacceptablecarrier. e.g.. saline I 

pharmaceutical ly acceptable carriers are well known in the art and also are commercial! 

available. For example, such acceptable carriers are described in E.W. Martins Remington: 

Pharmaceutical Science. Mack Publishing Compam. Easton. PA 
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The subject invention also concerns polypeptides encoded by the subject 
polynucleotides. Specificallyexemplifiedare the polypeptidesencoded by the MAP- 1 and VSA 
oenes of C. rumimoniium, E. chaffeensis. E. cams and the MP4 gene of Anaplasma marginale. 
Polypeptides uncoded by E. chaffeensis and E. cams MAP2 genes are also exemplified herein. 
5 Also encompassed within the scope of the present invention are fragments and variants 

of the exemplified polynucleotides and polypeptides. Fragments would include, for example, 
portions of the exemplified sequences wherein procaryotic signal sequences have been removed. 
Examples of the removal of such sequences are given in Example 3. Variants include 
polynucleotides and/or polypeptides having base or amino acid additions, deletions and 

1 0 substitutions in the sequence of the subject molecule so long as those variants have substantially 

the same activity or serologic reactivity as the native molecules. Also included are allelic 
variants of the subject polynucleotides. The polypeptides of the present invention can be used 
to raise antibodiesthat are reactive with the polypeptidesdisclosed herein. The polypeptidesand 
polynucleotides can also be used as molecular weight markers. 

15 Another aspect of the subject invention concerns antibodies reactive with MAP-t and 

MAP2 polypeptidesdisclosed herein. Antibodies can be monoclonal or polyclonal and can be 
produced using standard techniques known in the art. Antibodies of the invention can be used 
in diagnostic and therapeutic applications. 

in a specific embodiment, the subject invention concerns a DMA vaccine (e.g.. 

20 VCL10I0/MAP1 Containing the major antigenic protein 1 gene (MAPI ) driven by the human 

cylome2alovirus(HCMV) enhancer-promoter, in a specific example, this vaccine was injected 
intramuscularly into 8-10 week-old female DBA/2 mice after treating them with 50 ul/muscle 
of 0.5% bupivacaine 3 days previously. Up to 75% of the VCL1 0 1 0/MAP1 -immunized mice 
serocon verted and reacted with MAPI in antigen blots. Splenocytes from immunized mice, but 

25 not from control mice immunized with VCL1010 DNA (plasmid vector. Vical. San Diego) 

proliferated in response to recombinant MAPI and C. rwmnamium antigens in in virro 
lymphocyte proliferation tests. These proliferating cells from mice immunized with 
VCL1010/MAP1 DNA secreted IFN-gammaand IL-2 at concentrationsranging from 610 pg/mi 
and 152 pe/ml to 1290 pg/ml and 310 pg/ml. respectively. In experiments testing different 

30 VCL1010/MAP1 DNA vaccine dose regimens (25-1 00 ug/dose.2 or 4 immunizations ^survival 

rates of 23% to 88% (35 92 survivors/total in all VCL1010/MAP1 immunized groups) were 
observed on challenge with 30LD50 of C. rummanihtm. Survival rates of 0% to 3% ( 1 144 
survivors/total in all control groups) were recorded for control mice immunized similarly with 
VCL1010 DNA or saline. According!), in a specific embodiment, the subject invention 
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concerns the discovery that the gene encoding the MAPI protein induces protective immunin 
as a DMA vaccine against rickettsial disease. 

The nucleic acid sequences described herein have other uses as well. For example, the 
nucleic acids of the subject invention can be useful as probes to identify complementary 
sequences within other nucleic acid molecules or genomes. Such use of probes can be applied 
to identify or distinguish infectious strains of organisms in diagnostic procedures or in rickettsial 
research where identificationof particular organisms or strains is needed. As is well known in 
the art. probes can be made by labeling the nucleic acid sequences of interest according to 
accepted nucleic acid labeling procedures and techniques. A person of ordinary skill in the an 
would recognize that variations or fragments of the disclosed sequences which can spccificalK 
and selectively hybridize to the DNA of rickettsia can also function as a probe. It is within the 
ordinary skill of persons in the art. and does not require undue experimentation in view of the 
description provided herein, to determine whether a segment of the claimed DNA sequences is 
a fragment or variant which has characteristicsof the full sequence, e.g.. whether it specifically 
and selectively hybridizes or can confer protection against rickettsial infection in accordance 
with the subject invention. In addition, with the benefit of the subject disclosure describing the 
specific sequences, it is within the ordinary skill of those persons in the art to label hybridizing 
sequences to produce a probe. 

V arious degrees of stringency of hybridization can be employed. The more severe the 
conditions, the greater the complementarity that is required for duplex formation. Severity of 
conditionscan be controlled by temperature, probe concentration, probe length, ionic strength, 
time, and the like. Preferably, hybridization is conducted under moderate to high stringency 
conditions by techniques well known in the art. as described, for example, in Keller. G.H.. MM. 
Manak (1987) DNA Probes. Stockton Press. New York. NY., pp. 169-170. 

Examples of various stringency conditions are provided herein. Hybridization of 
immobilized DNA on Southern blots with 32P-labeled gene-specific probes can be performed 
by standard methods ( Maniatis el al. ( 1 982) Molecular Cloning: A Laboratory Manual. Cold 
Spring Harbor Laboratory. New York.). In general, hybridization and subsequent washes can 
be carried out under moderate to high stringency conditions that allow for detection of target 
sequences with homology to the exemplified polynucleotide sequence. For double-stranded 
DNA Liene probes, hybridization can be carried out overnight at 20-25° C below the melting 
temperature (1 m) of the DNA hybrid in 6X SSPE. 5X Denhardt's solution. 0.1 % SDS. 0.1 mg/ml 
denatured DNA. The melting temperature is described by the following formula (Belt/ et al. 
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el al. [1983] Methods of Enzymo/ogy. R Wu. L. Grossman and K. Moldave [eds.] Academic 
Press. New York 100:266-285). 

Tm=81.5X-16.6Log[Na-l+0.41(°/oG-C)-0.61(%formamide )-600/length of duplex in 

base pairs. 

5 Washes are typically carried out as follows: 

(1) twice at room temperature for 15 minutes in IX SSPE. 0.1% SDS (low 
stringency wash ): 

(2) once at Tm-20 C C for 15 minutes in 0.2X SSPE. 0.1% SDS (moderate 
stringency wash). 

10 For oligonucleotide probes, hybridization can be carried out overnight at 10-20T below the 

melting temperature (Tm)ofthe hybrid in 6X SSPE. 5X Denhardt's solution. 0.1% SDS. 0.1 
mg/ml denatured DN A. Tm for oligonucleotide probes can be determined by the following 
formula: 

Tm ( °C)=2( number T/A base pairs) +4(number G/C base pairs) (Suggs el al. [1981] 
15 ICN-UCLA Symp. Dew Biol Using Purified Genes, D.D. Brown [ed.]. Academic Press. New 

York. 23:683-693). 

Washes can be carried out as follows: 

(1 ) twice at room temperature for 15 minutes IX SSPE. 0.1% SDS (low stringency 
wash: 

20 (2) once at the hybridization temperature for 15 minutes in IX SSPE. 0.1% SDS 

(moderate stringency wash). 
In general, salt and/or temperature can be altered to change stringency. With a labeled 
DNA fragment >70 or so bases in length, the following conditions can be used: 
Low: 1 or 2X SSPE. room temperature 

25 Lou: 1 or2X SSPE. 42 C C 

Moderate: 0.2X or 1 X SSPE. 65 °C 
High: 0. IX SSPE. 65°C. 

Duplex formation and stability depend on substantial complementarity between the two 
strands of a hybrid and. as noted above, a certain degree of mismatch can be tolerated. Therefore. 
30 the probe sequences of the subject invention include mutations (both single and multiple). 

deletions, insertions of the described sequences, and combinations thereof, wherein said 
mutations, insertions and deletions permit formation of stable hybrids with the target 
polynucleotide of interest. Mutations, insertions and deletions can be produced in a given 
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polynucleotide sequence in many ways, and these methods are known to an ordinarily skilled 
artisan. Other methods may become known in the future. 

It is also well known in the art that restriction enzymes can be used to obtain functional 
fragments of the subject DNA sequences. For example. Ba/3 1 exonucleasecan be conveniently 
used for time-controlled limited digestion of DNA (commonly referred to as "erasc-a-base"" 
procedures). See. for example. Maniatis et al (1982) Molecular Cloning: A Laboratory Manual 
Cold Spring Harbor Laboratory, New York: Wei el al (1983)J. Biol Chem. 258:13006-13512. 

In addition, the nucleic acid sequences of the subject invention can be used as molecular 
weight markers in nucleic acid analysis procedures. 

Following are examples which illustrate procedures for practicingthe invention. These 
examples should not be construed as limiting. All percentages are by weight and all solvent 
mixture proportions are by volume unless otherwise noted. 

Example 1 

A nucleic acid vaccine construct was tested in animals for its ability to protect against 
death caused by infection with the ri ckettsi a Cowdria ruminantium. The vaccine construct tested 
was the MAPI gene of C ruminantium inserted into plasm id VCL1 0 1 0(Vical. San Diego) under 
control of the human cytomegalovirus promoter-enhancer and intron A. In this study, seven 
groups containing 10 mice each were injected twice at 2-week intervals with either 100. 75. 50. 
or 25 ug VCL1010/MAP1 DNA (V/M in Table 1 below), or 100. 50 fig VCL1010 DNA (V in 
Table 1 ) or saline (Sal.), respectively. Two weeks after the last injections. 8 mice/group were 
challenged with 30LD50of C. ruminantium and clinical symptoms and survival monitored. The 
remaining 2 mice/group were not challenged and were used for lymphocyte proliferation tests 
and cytokine measurements. The results of the study are summarized in Table 1. below: 



Table 1 


100 jig 


75 ug 


50 ug 25 fig 


100 ug 


50 ug 




V/M 


V/M 


V/M V/M 


V 


V 


Sal. 



Survived 5 7 5 3 0 



WO 00/65063 



PCT/USOO/10886 



13 

The VCL1010/MAP1 nucleic acid vaccine increased survival on challenge in all groups, with 
a total of 20/30 mice surviving compared to 0/24 in the control groups. 

This study was repeated with another 6 groups, each containing 33 mice (a total of 1 98 
mice). Three groups received 75 ug VCL1010/MAP1 DN A or VCL1010 DN'A or saline (4 
injections in all cases). Two weeks after the last injection. 30 mice/group were challenged with 
30LD50of C. ruminamium and 3 mice/group were sacrificed for lymphocyte proliferation tests 
and cvtokine measurements. The results of this study are summarized in Table 2. below: 



Table 2 




V/M 2 inj. 


V 2 inj. 


Sal. 2 inj. 


V/M 4 inj. 


V 4 inj. 


Sal. 4 inj. 


Survived 


7 


0 


0 


8 


0 


1 


Died* 


23 


30 


30 




30 


29 



*ln mice that died in both V/M groups, there was an increase in mean survival time of 
approximately 4 days compared to the controls (p<0.05). 

Again, as summarized in Table 2. the VCL1010/MAP1 DNA vaccine increased the 
numbers of mice surviving in both immunized groups, although there was no apparent benefit 
of 2 additional injections. In these two experiments, there were a cumulative total of 35/92 
(38%) surviving mice in groups receiving the VCL 1 0 1 0/M AP 1 DN A vaccine compared to 1 / 1 44 
(0.7%) surviving mice in the control groups. In both immunization and challenge trials 
described above, splenocytes from VCL1010/MAP1 immunized mice, but not from control 
mice, specifically proliferated to recombinant MAPI protein and to C. ruminamium in 
lymphocyte proliferation tests. These proliferating splenocytes secreted IL-2 and gamma- 
interferon at concentrations up to 310 and 1290 pg/ml respectively. These data show that 
protection against rickettsial infections can be achieved with a DN A vaccine. In addition, these 
experiments show MAPI -related proteins as vaccine targets. 

F.xamnle 2 - rinnino and sequence analysis of MAPI ho m o logti e genes o f F. chaffeensis and 
£. cams 

Genes homologous to the major surface protein of C. ruminamium MAPI were cloned 
from £ chaffeensis and £ cams by using PCR cloning strategies. The cloned segments 
represent a 4.6 kb genomic locus of £ chaffeensis and a 1 .6 kb locus of £. cams DNA sequence 
venerated from these clones was assembled and is presented along u ith the deduced ammo acid 
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sequence in Figures 2A-2B (SEQ ID NOs. 7- 1 1 and 1 4- 1 8 ) and Figure 2C (SEQ ID NOs. 1 2- 1 3 
and 19-20). Significant features of the DNA include five very similar but nonidentical open 
reading frames (ORFs) for E. chqffeensis and two very similar, nonidentical ORFs for the £ 
cams cloned locus. The ORFs for both Ehrlichia spp. are separated by noncoding sequences 
5 ranging from 264 to 310 base pairs. The noncoding sequences have a higher A+T content 

( 7 1 .6% for £. chqffeensis and 76. 1 % for £ canis ) than do the coding sequences (63.5% for £ 
chqffeensis and 68.0% for £. cams). A G-rich region -200 bases upstream from the initiation 
codon. sigma-70-like promoter sequences, putative ribosome binding sites (RBS). termination 
codons. and palindromic sequences near the termination codons are found in each of the £ 

1 0 chqffeensis noncoding sequences. The £ cams noncoding sequence has the same feature except 

for the G-rich region (Figure 2C: SEQ ID NOs. 12-13 and 19-20). 

Sequence comparisons of the OKFs at the nucleotide and translated amino acid levels 
revealed a high degree of similarity between them The similarity spanned the entire coding 
sequences. except in three regions where notable sequence variations were observed including 

15 some deletions/.nsertions(Variable Regions 1. II and III). Despite the simiiarities.no wo ORFs 

are identical. The cloned ORE 2. 3 and 4 of £ chqffeensis have complete coding sequences. 
The ORF1 is a partial gene having only 143 amino acids at the C-terminus whereas the ORF5 
is nearly complete but lacks 5-7 amino acids and a termination codon. The cloned ORF2 of £ 
cams also is a partial gene lacking a part of the C-terminal sequence. The overall similarin 

20 between different ORFs at the ammo acid level is 56.0% to 85.4% for £ chqffeensis. whereas 

for£. cams it is 53.3%. The similarity of £ chqffeensis ORFs to the MAPI coding sequences 
reported for C. rwmnantium isolates ranged from 55.5% to 66.7%. while for £ amis to C. 
ruminemlium it is 48.5% to 54.2%. Due to their high degree of similarity to MAPI surface 
antigen genes of C. rwmnqntiwn and since they are nonidentical to each other, the £ chqffeensis 

25 and £ amis ORFs are referred to herein as putative Variable Surface Antigen (VSA) genes. The 

apparent molecular masses of the predicted mature proteins of £ chqffeensis were 28.75 kDa 
for VSA2. 27.78 for VSA3. and 27.95 for VSA4. while £ cams VSA1 was slightly higher at 
29.03 kDa. The first 25 amino acids in each VSA coding sequence were eliminated when 
calculating the protein size since they markedb resembled the signal sequence of C 

30 rwmnantium MAPI and presumably would be absent from the mature protein. 

The ammo acid sequence derived from the cloned £ chqffeensis MAPI-like gene, and 
alignment with the corresponding genes of C ruminant ium and A. nwrginale is shown in Figure 
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Example 3 

A further aspect of the subject invention are five additional genes which give protection 
when formatted as DNA vaccines. These genes are Cowdria ruminamium map 2. Cowdria 
runuiwntium lhwor/3. Cowdria ruminant ium 4nworfl. Cowdria ruminaniium lHhworfL and 
5 Cowdria ruminant turn 3gdor/3 . The DNA and translated ammo acid sequences of these five 

genes are shown in SEQ ID NOS. 25-34. 

There is published information showing that gene homologsof all five genes are present 
in other bacteria. For example, a homolog of map2 is present in Anaplasma marginale. a 
homolog of Jhwor/3 is present in Brucella abortus, homologs of 4hworfl are present in 

10 Pseudomonas aeruginosa and CoxieUa burnetii, and homologs of 18hworfJ are present in 

Coxiella burnetii and Rickettsia prowazekii. This can be revealed by a search of DNA and 
protein databases with standard search algorithms such as "Blast**. Based on the protective 
abilitv of these genes against Cowdria ruminant iwn and their presence in other bacterial 
pathogens, the subject invention further concerns the use of these genes, their gene products, and 

] 5 the genes and gene products of the homologs as vaccines against bacteria. This includes their 

use as DNA or nucleic acid vaccines or when formulated in vaccines employing other methods 
of delivery, e.g.. recombinant proteinsor synthetic peptides in adjuvants, recombinant live vector 
delivery systems such as vaccinia (or other live viruses) or Salmonella (or other live bacteria). 
These methods of delivery are standard to those familiar with the field. This also includes 

20 vaccines against heartwater disease, vaccines against rickettsial diseases in general and vaccines 

against other bacteria containing homologs of these genes. 

Table 3 shows the protective ability of the 5 genes against death from Cowdria 
rummantium challenge in mice. Genes were inserted into VR1012 according to the 
manufacturers instructions* Vica). San Dicgo)and challenge studies were conductedas described 

25 in Example I. N-terminal sequences which putatively encoded prokaryotic signal peptides were 

deleted because of the potential for their affects on expression and and immune responses in 
eukaryotic expression systems or challenged animals. The inserts were as follows: map2. SEQ 
ID NO. 25. beginning at base 46; 18h\vorf1. SEQ ID NO. 31. beginning at base 67: 3gdorf3. 
SEQ ID NO. 33. beginning at base 79: IhworfS. SEQ ID NO. 27. beginning at base 76: and 

30 4hworf1. SEQ ID NO. 29. beginning at base 58 
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Table 3 


Ls i\ r\ v_ <JI 1 ;> LI I 


MWT 

IVI V> 1 

Size 






olilVIVcll ixclLC 






Vaccinated 






P V 3 1 U C 


T\A MAP ^ 
I jvj ivi/\ r - 


~ j kq 


9/28* 


32% 




U o 




MB18HWORF1 


28 kd 


10/30* 


33% 


1/27 


4% 


0.021 


AM3GDORF3 


16 kd 


7/26 


27% 


1/27 


4% 


0.060 


TM1HWORF3 


36 kd 


8/29 


28% 


2/30 


7% 


0.093 


TM4HWORF1 


19 kd 


10/30* 


33% 


2/30 


7% 


0.054 



Control - VR1012 DNA vector plasmid only 
] 0 *StatisticalI\ significant difference (Fisher's Exact test) 

It should be understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
15 application and the scope of the appended claims. 



BNSDOCID: <WO 0065O63A3JA> 



WO 00/65063 



PCT/US00/10886 



Claims 

1 1 A composition comprising a polynucleotide which encodes a polypeptide having the 

2 characteristic of eliciting an immune response protective against disease or death caused b\ a 

3 rickettsial pathogen. 

1 2. The composition, according to claim 1. wherein said rickettsial pathogen is selected 

2 from the group consisting of Rickettsia spp.. Ehrlichia spp.. Anaplasma spp., and Cowdria spp. 

1 3. The composition, according to claim 1. wherein said polypeptide has an ammo acid 

2 sequence selected from the group consisting of SEQ ID NO. 2. SEQ ID NO. 4. SEQ ID NO. 6. 

3 SEQ1DNO. 14.SEQIDNO. 15.SEQIDNOS. 1 6-20. SEQ ID NO. 23. SEQ ID NO. 24. SEQ 

4 ID NO. 26. SEQ ID NO. 28. SEQ ID NO. 30. SEQ ID NO. 32. SEQ ID NO. 34. homoiogs 

5 thereof, and immunogenic fragments thereof. 

1 4. The composition, according to claim 1. wherein said polynucleotide has a nucleic 

2 acid sequence selected from the group consisting of SEQ ID NO. 1 . SEQ ID NO. 3. SEQ ID NO. 

3 5.SEQIDN0.7.SEQIDN0.8.SEQ1DNOS.9-13.SEQ1DNO. 21 , SEQ ID NO. 22. . SEQ 

4 ID NO. 25. SEQ ID NO. 27. SEQ ID NO. 29. SEQ ID NO. 31. SEQ ID NO. 33. homoiogs 

5 thereof, and fragments thereof which encode immunogenic polypeptides. 

1 5. The composition, according to claim 4. wherein said polynucleotide has a nucleic 

2 acid sequence of SEQ ID NO. 3. or a fragment thereof. 

1 6. The composition, according to claim 1. wherein said polynucleotide further 

2 comprises a nucleic acid vaccine vector. 

1 7 The composition, according to claim 1. further comprising a pharmaceutical!} 

2 acceptable carrier. 

1 8 A polynucleotide encoding a polypeptide having an amino acid sequence selected 

2 from the group consisting of SEQ ID NO. 4. SEQ ID NOS. 14-20. SEQ ID NOS. 23-24. SEQ 

3 ID NO. 26. SEQ ID NO. 28. SEQ ID NO. 30. SEQ ID NO. 32. SEQ ID NO. 34. and fragments 

4 thereof 
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1 9. The polynucleotide, according to claim 8. said polynucleotide having a nucleic acid 

2 sequence selected from the group consisting of SEQ ID NO. 3. SEQ ID NOS. 7-13. SEQ ID 
NOS. 2 1 -22. SEQ ID NOS. 25. SEQ ID NO. 27. SEQ ID NO. 29. SEQ ID NO. 31. and SEQ ID 

4 NO. 33. 

1 10. A method for protecting a susceptible host against disease or death caused by a 

2 rickettsial pathogen, said method comprising administering an effective amount of a 

3 polynucleotideencodingpolypeptidehavingthe characteristic of eliciting an immune response 

4 protective against said rickettsial pathogen. 

1 11. The method, according to claim 10. wherein said rickettsial pathogen is selected 

2 from the group consisting of Rickettsia spp.. Ehrlichia spp.. Anaplasma spp.. and Cowdria spp. 

1 12. The method, according to claim 10. wherein said polypeptide has an ammo acid 

2 sequence selected from the group consisting of SEQ ID NO. 2. SEQ ID NO. 4. SEQ ID NO. 6. 

3 SEQ ID NO. 14. SEQ ID NO. 15. SEQ ID NOS. 1 6-20. SEQ ID NO. 23. SEQ ID NO. 24. SEQ 

4 ID NO. 26. SEQ ID NO. 28. SEQ ID NO. 30. SEQ ID NO. 32. SEQ ID NO. 34. or homologs 

5 thereof and immunogenic fragments thereof. 

1 13. The method, accordingto claim 1 0. w herein said polynucleotide has a nucleic acid 

2 sequence selected from the group consisting of SEQ ID NO. 1 . SEQ ID NO. 3. SEQ ID NO. 5. 

3 SE0IDNO.7.SEQIDNO.8.SEQIDNOS.9-13.SEQIDNO. 21. SEQ ID NO. 22. SEQ ID 

4 NO. 25. SEQ ID NO. 27. SEQ ID NO. 29. SEQ ID NO. 31. and SEQ ID NO. 33. 

1 14. The method, accordingto claim 1 3. wherein said polynucleotidehas the nucleic acid 

2 sequence of SEQ ID NO. I. 

1 1 5. The method, accordingto claim 1 3. w herein said polynucleotidehas the nucleic acid 

2 sequence of SEQ ID NO. 3. 

1 1 6. The method, accordingto claim I 3. w herein said polynucleotidehas the nucleic acid 

2 sequence of SEQ ID NO. 5. 
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1 17. The method, according to claim ] 0. wherein said nucieic acid further comprises an 

2 appropriate nucleic acid vector. 

1 18. The method, according to claim 10. wherein said composition further comprises a 

2 pharmaceuticaliy acceptable carrier. 

1 19. The method, according to claim 1 0. which further comprises administration to said 

2 host of said polypeptide encoded by said polypeptide. 

1 20. A method for detecting, in a human or animal, antibodies associated with infection 

2 by Ehrlichia, wherein said method comprises contacting a biological fluid from said human or 

3 animal with a polypeptide selected from the group consisting of SEQ ID NO. 4. SEQ ID NOS. 

4 14-20. SEQ ID NOS. 23-24. SEQ ID NO. 26. SEQ ID NO. 28. SEQ ID NO. 30. SEQ ID NO 

5 32. SEQ ID NO. 34. and homologs and fragments thereof. 

1 21. A method of detecting the presence of rickettsial nucleic acids comprising 

2 contacting a sample suspected of containing rickettsial nucleic acids with a composition 

3 comprising a labeled polynucleotide which encodes a polypeptide having the characteristic of 

4 eliciting an immune response protective against disease or death caused by a rickettsial 

5 pathogen, allowing for the formation of a hybridization complex and detecting said label. 

1 22. The composition, according to claim 21. wherein said rickettsial pathogen is 

2 selected from the group consisting of Rickettsia spp.. Ehrlichia spp.. Anaplasma spp.. and 

3 Cowdria spp. 

1 23. The composition. according to claim 2 1 . wherein said polypeptide has an amino acid 

2 sequence selected from the group consisting of SEQ ID NO. 2. SEQ ID NO. 4, SEQ ID NO. 6. 

3 SEQ ID NO. 14. SEQ ID NO. 1 5. SEQ ID NOS. 16-20. SEQ ID NO. 23. SEQ ID NO. 24. SEQ 

4 ID NO. 26. SEQ IDNO. 28. SEQ ID NO. 30. SEQ ID NO. 32. SEQ ID NO. 34. and homologs 

5 and immunogenic fragments thereof. 



24. The composition, according to claim 21. wherein said polynucleotide has a nucleic 
acid sequence selected from the group consisting of SEQ ID NO. 1. SEQ IDNO. 3. SEQ IDNO 
5. SEQ IDNO. 7. SEQ I D NO. 8. SEQ ID NOS. Q- 1 3. SEQ ID NO. 21. SEQ IDNO. 22. . SEQ 
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4 ID NO. 25. SEQ ID NO. 27. SEQ ID NO. 29. SEQ ID NO. 31. SEQ ID NO. 33. homologs 

5 thereof, and fragments thereof which encode immunogenic polypeptides. 
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1 ggaacaaatLcagggacacrtccacccccaaagcgcrcgccacaccaccacccgcagcca 
M i F R D I STLKAFATPSS A A T 
61 ccKagacccagcaacagcaacaccgagcgcgcgccaccccggagcagaacccggaggaa 
PDLATVTLSVCHFGVELGGR 
121 :ac::aacccccaac":accacrgccac3cgc:aaaaacaacctaaacc:gc:c:=att 

F N F * 

131 «ttgcr:«eaaacaaacaaaacagtB9c»mmm«aat;t3gcaacaaQaaQoqooQQaaaga 

2 41 c:aac:ac:acccgccacacc:cccaccaccacc:acac:aaacaac=t:gac3aacacaa 

3 01 cagcci=:ggagaaaC3aacaacac:caaaci:ccc:cacaaaaacca ttta|a cc£cgc 

3 61 accaaaaac£aqec tataac ccgc£CCtacaccgcaggcccaccaccgc£aatttgcttc 
-10 

421 caccacctcMjtjuacacgaaccgcgaaaaatcrcctacaacaaccgcactaacacta 

RBS MNCEKFFITTALTL 
481 ccaatgccccccccacccggaacaccacccticcgaticcagcacaggacgacaacacugc 

LMSFLPGISLSDPVQDDNIS 
541 ggtaacctccacatcagtggaaagtatacgccaagcgccccgcattccggagttCtttct 

GNFYISGKYHPSASHPCVFS 
601 gccaaggaagaaagaaacacaacagcrggagtatLtggaacagagcaagactgggacaga 

AKEERNTTVGVFGIEQDWDR 

CVISRTTLSDIFTVPNYSFK 
721 cacaaa aacaatccacnttcaggatccgcaggagcuaccggccacccaatggatggccca 

Y E N NLFSGFAGAIGYSMDGP 
781 agaacagagcccgaagcacccTacgaagcactcgacgccaaaaaccaaggLaacaaccaC 

RIELEVSYEAFDVKNQGNNY 
841 aagaacgaagcacatagacactacgccct:gccccaccctcccggcacagagacacagaca 

KNEAHRYYALSHLLGTETQI 
901 gacggcgcaggcagcgcgcccgcctccccaacaaacgaaggaccacccgacaaaccactc 

DGAGSASVFL I NEGLLDKSF 
961 acgc=aaacgcacgccacgatgcaacaagcgaaggcacacccc:c:=ccccrat:acacgc 

ml'nacydvisegipfspy IC 

1021 npa^rarr.notarcaaC£caQCatccac ccc:aaagc£aCaaaccc raaaatttcctat 
A G I G I DLVSMFEAIHPKI SY 

1081 caaggaaaaccaggcccaagccaccccacaagcccagaagcrrccgcgcccaccggcgga 
QGKLGLSYPISPEASVFIGG 

1141 cacccccataaggcgacaggaaacgaacctiagagacacccccaccacgacacctagcgaa 

hfhkvignefrdiptmipse 

1201 tcagcgcttgcaggaaaaggaaactaccctgcaatagtaacaccggacgcgctctaccct 
SALAGKGNYPAIVTLDVFYF 

12 61 ggcacagaacccggaggaaggcccaacc:ccaacctcgattattgoc»caacaaacaaaa 

GI ELGGR FNFQL* 
1321 acaotooowaaacqtaqcaaCaa oaocjggggaQgQggg aacraaattiaiiiiacttgcc 

13 81 ataccccttaccaccacccacaccaaataacctgacaaacacaacagctcaaacaaaggc 
1441 aaacaai:t:ct:t:aaacc:tqccccacqaqaacca tt9«t« t::tcacaccaaaaactagccta 

-35 

1501 tMeccgcctctacact:gcagccct:ac-aCtgctaatDtacc:cccact:ac-tc»5^t£ta 

-10 RBS 
1561 acacgaaccgcaaaaaacttti^cataacaactgcactagcaccaccaacgtcccccccac 

MNCKKFF ITTALVSLMSFLP 
1621 ccggaacaccaccccccgacccagtgcaaggcgacaacaccagcggcaacccccacgcta 

GISPSDPVQGDNISGNPYVS 
1681 gtggcaagcacatgccaagcgctccgcaccttggcatgctrtctgccaaagaagaaaaaa 

GKYMPSASH FGMFSAKEEKN 
1741 atcc^accgccgcaccgcacggcttaaaacaagaccgggaagggactagctcatcaagcc 

PTVALYG LKQDWEGI S S S S H 
1801 apaar.aar.aateatctcaacaacaaqqq ct:acccac:c3aacacgaa aacaacccacttc 

NDNHPNNKGYSFKYENNPFL 

18 61 cagggctcgcaggagct:aCCggccat!:caaCgggcggt:ccaagagcagagcCt.gaagtgL 

GFAGAI G YSMGGPRVEFEVS 
1921 cccatgaaacatttgacgciaaaaatcagggtaataaccacaaaaacgatgctcacagac 
YETFDVKNQGNNYKNDAHRY 

19 81 actgcgctttaggccaacaagacaacagcggaa cacccaaaactagcaaacacgcactgt 

CALGQQDNSGI FKTSKYVLL 

20 41 caaaaagcgaaggatcgcccgacacatcacttacgccaaacgcacgccacgatataataa 

KSEGLLD I SFMLNACYDI IN 
2101 acgagagcatacctCCgtctccccacacatgcgcaggcgttggCAccgacttaaLaCcca 
ESIPLSPYICAGVGTDLISM 

21 61 t acctaaaaccacaaa ccc raaaac t cctcaccaagggaagtcaggcc taagctacccca 

FEATNPKISYQGKLGLSYSI 
2221 taaacccagaagctcccgcactcactggcggacaccctcacaaggcgacaggaaacgaac 
NPEASVFIGGHFHKVIGNEF 

22 81 ctagggacattcctaccctigaaagcacccgctacgccaccagccaccccagacctagcaa 

RDIPTLKAFVT3SATPDLAI 
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23 41 cagcaacaciaagtgcacgtcatLCtggaacagaacttggaggaaggtccaaczcc-aac 

7TL.5VCHFG I ELCGRrNr* 
2 401 cccgcca ccgccacacactaaaaataatccaaacccg £ ccccattattgctMtgtaaa: 
2 461 iaaaaf otcgom— aaacqtaqcaacaa oaaQQoqapoqqggg accaaaccgctac:: 
2 521 accacaccc:::accacaccact:t:acaccaaacaacccgacaaacacaacagc::ccgga 
25 81 aaaacaaacaacacttaaactccccccacaaaaacca ttt«ti Ci:t:gcac:aaaaac:a 

-35 

2 641 gcc tiCMC c:gcct3:acaccgcaqccccaccat:gccaac:cacccccacut::£aq 
-10 

2701 gtg caacacgaaccgcaaaaaatiiccccataacaactacaccagtaccgccaacgtcc:: 

RBS M " N C K K F r I T T T L V SLMSP 
27 61 cccacctggaacaccacrttLccgacgcagcacagaacgacaacgttiggcggcaacCLcca 

L ? G I SFSDAVQNDNVCGNFY 
2 821 :ac=agcgggaaacacgcaccaagcgctncacactccggcgcaccccccgccaaacagga 

IS.GKYVPSVSHFGVFSAKQE 
2 881 aagaaacacaacaaccggagcacttggacxaaagcaagacxgggaeggcagcacaatatc 

RNTT I GVFGLKQDWDGSTZ S 

2 941 caaaaai:cc:ccaoaaaaCacattcaacqt:ccaaa CtaCCcactcaaaCa craa aacaa 

KNSPEMTFNVPMYSFKYENN 
3001 tccacccccaggccccgcaggaaccgccggLCacccaacgaacggcccaagaacagagct 
PPLG PAGAVCYLMNG P R I EL 

3 061 agaaacgccccatgaaacacncgacgcgaaaaaccagggcaanaac:ataagaacgatgc 

EMSY ETFDVKNQGNNY K N D A 
3121 tcacaaacaccacgccccaacccacaacagcgggggaaagccaagcaacgcaggcgacaa 

HK.Y Y A LTHNSGCKLS NAG DK 
3181 gcccgccccDcraaaaaacgaaggaccacctgatatatcacccacgLtgaacgcacgcca 

FVFLKMEGLLDISLMLNACY 
3 241 rgacgcaacaagcgaaggaacaccc-cccccccctacacacgcgcaggcgccggcactga 

DVI S EGI PFSPYI CAGVGTD 
3 301 cc:aacaticc:at JCCCQaagc£acaaacc ct:aaaatttctcaccaaggaaagttaggtt:: 

L I S M FEA I NPKISYQGKLGL 
33 61 gagccaccccacaagcccagaagcttccgcccttgccggcggacacctccataaggcgac 

SY S I S PEASVFVGGH FHKVI 
3 421 agggaacgaactcagagacattcccgccacgacacccagcaccicaacccccacaggcaa 

GNEFRDI PAMIPSTSTLTGN 
3481 ccaccttacLacagtaacaccaagcgcatgccaccttggagtggaacctggaggaaggtt 

HFTI VTLSVCHFGVELGGRF 
3 541 caacctctaacc t caeca ccgccaca eg ttaaaaataac-caaacttat:ttttattar.t:g 

N P • * 

3 601 rrgr a ggr aM fc>«»*«t»gtgac:aaaaaaat:Qtagcaacaa aaoagggqqooao ac:ag 
3 661 ::cacaagcgctgcccctctcacciccacac3Cgataciatacccaaccagc:ct:ctgc 
3721 cactacctacccgacgcaacacattaaacttticctucaaaagctaccjatictccacac 

37 81 aaaaatt tatatt ccgacccgctttcacacgacacctccaecactgcsaacttacccgcc 
-10 

3 841 accact^jjctacatacgaaccacaaaaaagtcttcacaacaagtgcactgatatcatLa 

P.BS MNYKKVFITSALISL 
3 901 acaccccccccacctggagcaccaccccccgacccagcaggtagcggcaccaacggcaat 
ISSLPGVSFSDPAGSGINGN 

3 961 ccccacaccagrggaaaatacatgccaagtgcctcgcactccggagcaccccccgccaag 

FYI SGKYMPSASHFGVF5AK 
4021 gaagaaagaaatacaacagCLggagngctcggacCgaaacaaaar tgggaeggaagegea 

EERNTTVGVFGLKQNWDGSA 
4081 ar«rrr^rrfTrrTf;raaapgacqcattcactqccccaaa c:acccatC caaacatcaa 

ISNSS PNDVFTVSNYSFKYE 
4141 aacaacccgcccntaggCwttgcagQagccattggccactcaacggatggticcaagaaca 

NNPFLGFAGAIGYSMDGPR I 
42 01 gagcttgaagcatcctacgaaacattcgacgtaaaaaaccaaggcaacaaccauagaac 

ELEVS Y ETFDVKNQGNNYKN 

42 61 gaagcacatagacactgcgctccatcccacaacccagcagcagacatgagcagcgcaagc 

EAH R Y CALSHNSAADMSSAS 

43 21 aacaatcttgccctcctaaaaaacgaaggatLacctgacatatcacctatgccgaacgca 

NNFVFLKNEGLLD1S FMLNA 
43 31 tgcucaacgcagtaggcgaaggcaCaccttCCCccccctatiacaCGcgcaggtatcggc 

CYDVVGEGI PFSPYI CAGIG 
4441 accqaCLUqcatccat gcrtgaaaccacaaa crc taaaactccctaccaaggaaagc^a 

TDLVSMFEATNPKISYQGKL 

4 501 ggcccaagccaccccacaagcrcagaagctcccgtgcttaccggcgggcacczccataag 

GLSYS ISPEASVFIGGHFHK 
45 61 gcaacagagaacqaacttagaaacacccctiaccacaacacctaccggaccaacacctgca 

vig'nefrdi PTII PTGSTLA 
4 62 1 ggaaaagqaaaccaccccgcaatagcaacaccggatgtacgccactttggaacagaaatg 

G K G~ N Y PA I V I LDVCHFCIEM 
463 1 gga 

G 
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1 tm« c..»ttcg»«.c.»M«uetc C c M .ga.ccae«cc«gt,Eei S -..i.e«c 
lie* MK yKKT?TVTALrfi-LTs 
6! c"Lc.c.cctt. t «cccttt«t.a«c.^.c9cgcc|gL i c..t«.ca.c = cc,, 

3« agaagca.cacacgaaa.acccgacaccaaaaac^ 

481 « 9 g«c.et9e.-..«tg.M.gCttBt.ctt«9..«..e9«W«i:.«C9«cgt 
W Y TAKTDKPVLLK NEGLLDV 

SO, "-gcgcaggcac.ggca^gacc^ 

781 c r^ 9a r a r c rT a r c 0 aa rrT a T ca r a T ca rr c r 9 " c H ac r 

841 cggg^agagactggaagcagat^ctcttttaacacccccactgtacacgcraaaaata 

GLEIGSRFFF* 
901 atactaacttgcttccgcggtctacaaacgcaagagaaaaatagtoagtaataaattaaa 
96 9 a a ^"aacalLgaaaag?catat g tttC CC ac,gc=attga t ac^caaccaa..o1:.B 
102! ^Laatc^-ctLctaacaacttcacgCagcacacca-actcccctcacaaaagccac 
1081 t-ct^tttacactaaaagctjt.cttcggcctgtacroaaCtcgtacC.t.acLactQC 

1141 ca^tcacccccaccgtccct^caaacataaactgcaaaaaagttttcacaacaagc 

RBS MNCKKVF 1 1 £> 

i2 01 r ac Cg aCa r a r ca t a r cCtccCaccCaa t g t c,cacac r ca N ,ccca r a rt gg t 

1321 ggaaccccctcagccgaagaagagaaaaaaaagacaaccgcagcatacggcrraaaagaa 

C I PSAEEEKKKTTVVYGLKE 
1381 -a«gggcaggaga C gcaa t a rt ag C caaag T ag,cg D a C aacc C cacc,c,cgaaac 

1441 cacccatrcaagcatgcaagcaacaagtctttagggtttgcagtagcta^ggtcactcg 

isoi :«™« B i:^ 



1561 ggcaacaatt 
G N N 
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1 acatgtatacattatagtaacaaatgttaccgtattttattcataagttaagtaaaatct 

61 ataccattctctttcactttatcagaagacttttatttatcacaaactcatgacgtatag 

121 tgtcacaaataaacacactgcaactgcaatcactacgtaaaactttaactcttctttttc 

1B1 acaactaaaatactaataaaagtaatatagtataaaaaatcttaagtaacITGACBtaat 

— 3 5 

241 attactctgatal^GCMlatgtctagtatctctatactaaacgtttiatataattgSAgca 

-10 

301 t a 1 1 a ATGAAAGCTATCAAATTCATACTTAATGTCTGCTTACTATTTGCAGCAATATTTT 
MKAI KFILNVC LLFA"*AIFL 



361 



421 



481 



541 



601 



TAGGGTATTCCTATATTACAAAACAAGGCATATTTCAAACAAAACATCATGATACACCTA 
GYS YITKQGI FQTKHHDTPN 

ATACTACTATACCAAATGAAGACGGTATTCAATCTAGCTTTAGCTTAATCAATCAAGACG 
T T I PNEDGIQSS FSLINQDG 

GTAAAACAGTAACCAGCCAAGATTTCCTAGGGAAACACATGTTAGTTTTGTTTGGATTCT 
KTVTSQDFLGKHMLVLFGFS 

CTGCATGTAAAAGCATTTGCCCTGCAGAATTGGGATTAGTATCTGAAGCACTTGCACAAC 
ACK S I CPAELGLVSEALAQL 

TT G GT AAT AAT G C AG AC AAATTAC AAGTAATTTTT ATT AC AATTGATC CAAAAAAT GAT A 
GNMADKLQVI FITIDPKNDT 



6 6 1 CTGTAGAAAAATTAAAAGAATTTCATGAACATTTTGATTCAAGAATTCAAATGTTAACAG 

VEKLKEFHEHFDSRIQMLTG 

721 G AAAT ACT G AAG ACATT AAT CAAAT AATT AAAAATT AT AAAATAT AT GTT GG AC AAG CAG 
NTEDINQIIKNYKIYVGQAD 

7 8 i a T AAAG ATC AT C AAATT AAC CATT CT GC AATAAT GT AC CTTATTGAC AAAAAAG GAT CAT 

"kdhqinhsaimylidkkgsy 

8 41 atctttcacacttcattccagatttaaaatcacaagaaaatcaagtagataagttactat 

LSH FI pDLKSQENQVDKLLS 

901 cTTTAGTTAAGCAGTATCTGTAAtttaataattaatt^A^agaatagtacacaClXltt 

L V K Q Y L * 
961 ataaattcatggaatacgttggatgagtaggttttttttagtatttttagtgctaataac 
1021 attggcat 



FIG. 3A 



BNSDOCID: <WO 0065063A3JA> 



SUBSTITUTE SHEET ("RULE 26) 



WO 00/65063 



8 / 8 



PCT/US00/10886 



1 ggaaatctcatgtaaacgtgaaatactatattcttttttaaataccaatacaattqaata 

61 caaaaaaacttttacaacttattatgtttatcttaaaaccttattttaagattccttatg 

121 tcacaaaataacaaaaatactatttacaaaatacaccacaatttcatcaaataaaaaaaa 

181 ctatacactttattatactacagtaqatataccataaaaqattttaaqtaac TTGACA ta 

-35 

241 atattaccttaata TAGCAT atgattcagtattttatattaaaatttattatgtatt GGA 

-10 

3 01 gca t a a aATGAAAGTTATCAAATTTATACTTAATATCTGTTTATTATTTGCAGCAATTTT 
MKVIKFILNICLLFA-+AIF 

3 61 TCTAGGATATTCCTACGTAACAAAACAAGGCATTTTTCAAGTAAGAGATCATAACACTCC 

LGYS YVTKQGI F QVRDHNTP 

421 CAATACAAATATATCAAATAAAGCCAGCATTACTACTAGTTTTTCGTTAGTAAATCAAGA 
NTNI SNKASITT S FSLVNQD 

4 81 TGGAAATACAGTAAATAGTCAAGATTTTTTGGGAAAATACATGCTAGTTTTATTTGGATT 

GNTVN SQDFLGKYMLVLFGF 

54 1 TTCTTCATGTAlAAAGCATCTGCCCTGCTGAATTAGGAATAGCATCTGAAGTTCTCTCACA 
SSCKSICPAELGIASEVLSQ 

601 GCTTG GTAAT GACACAGACAAGTTACAAG TAATTTT CATTACAATT GAT CCAACAAAT GA 
LGN DTDKLQVI FITIDPTND 

661 TACTGTACAAAAATTAAAAACATTTCATGAACATTTTGATCCTAGAATTCAAATGCTAAC 
TVQK LKTFHEH FD P RIQMLT 

721 AGGCAGTGCAGAAGATATTGAAAAAATAATAAAAAATTACAAAATATATGTTGGACAAGC 
GSAE DIEKIIKNY KIYVGQA 

781 AGATAAAGATAATCAAATTGATCACTCTGCCATAATGTACATTATCGATAAAAAAGGAGA 
DKDNQIDHSAIMY I I DKKGE 

8 41 ATAC ATTT C AC ACTTTT CT C C AG ATTT AAAAT CAAC AG AAAATCAAGTAGAT AAGTT ACT 
YISH FS PDLKST ENQVDKLL 

901 AT CT AT AAT AAAACAAT AT CT CT AA 1 1 1 a a t a a ttaat t a AAGAG aa taatacaca CTCT 
SI I KQYL* 

961 latataaattcatggatatatgtgatgggtagatttcttttggtgtttctatcgctaatt 
1021 acatta 
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SEQUENCE LISTING 



<110> University o 



f Florida 



■r ,_..(-, D^i-ettsial Diseases and 
<120> Nucleic Acid Vaccines Against ^^et.s.a 

Methods cf use 

<130> UF-167C3 

<140> 
<141> 

<150> 08/953,326 
<151> 1997-10-17 

<150> 08/733, 23C 
<151> 1996-10-17 

<160> 34 

<170> Patentln Ver . 2.0 

<210> 1 

<211> 864 

<212> DNA 

<213> Cowdria ruminantium 

<220> 

<221> CDS 

<222> (1) - ■ (861) 

<400> 1 ^ t ~ t a-c aca agt aca eta ata tea tta gtg 48 

s "n z "i i" s - - - ~ - - s - L ;= val 

5 



— ,,r act qtg tec ttt tct gat gta ata cag gaa gac age 

ted ttt eta ccr gg. y uy Tle G i n qiu Asd Ser 

Ser Phe Leu Pro Gly Val Ser Phe Ser Asp vax u= o~ ^ - 



2C 25 



- far att aac qca aaa tac atg cca act gca 

aac cca gca ggc agt gt tac at. . ^ ^ ^ ^ ^ 

Asn Pro Ala ^ly ^er va-L x v 



4C 

3 3 



s s s e "i s s s s e k j« £ s =: 



5C 55 



,= g 9 „ t« ... ... ,« ^ K s? s £ £ 

Thr Val Phe Giy -eu LyS ^y s as. . 8C 

70 

b "d 

qat tct age aat act aat tc 



aca att ttt act gaa aaa gat tat tct 



96 



14- 



192 



2 8 e 
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Asp Se- Ser Asn Thr Asn Ser Thr lie Phe Thr GIu Lys Asp Tyr Ser 

85 9C 95 

LLC aaa tan gaa aac aar ccg ttt tta ggt tec get gga gca att ggg 336 

Phe A-g Tyr Glu Asn Asn Pro Phe Leu Gly Phe Ala Gly Ala He Gly 

100 105 HO 

tac tea atg aat gga cca aga ata gag ttc gaa gta tec tat gaa act 364 

Tyr Ser Met Asn Gly Pre Arg He Glu Phe Glu Val Ser Tyr Glu Thr 

115 120 125 



ttt aat gta aaa aac eta ggt ggc aac tat aaa aac aac gca cac atg 
Phe Asp Val Lys Asn Leu Gly Gly Asn Tyr Lys Asn Asn Ala His Met 



13 J 



135 140 



165 



tta atg tta aat gcg tgt tat gat ate atg ctt gat gga ata cca gtt 
Leu Met Leu Asn Ala Cvs Tyr Asp He Met Leu Asp Gly He Pro Val 

185 190 



180 



432 



tac tgt get tta gat aca gca gca caa aat age act aat ggc gca gga 480 

Tvr Cvs Ala Leu Asp Thr Ala Ala Gin Asn Ser Thr Asn Gly Ala Gly 

!45 ' 150 155 160 

tta act aca tct gtt atg gta aaa aac gaa aat tta aca aat ata tea 528 

Leu Trr Th- Ser Val Met Val Lys Asn Glu Asn Leu Thr Asn He Ser 

170 175 



576 



624 



67: 



tct cca tat gta tgt gca ggt att ggc act gac tta gtg tea gta att 

Ser Pre Tyr Val Cys Ala Gly He Gly Thr Asp Leu Val Ser Val He 

195 200 205 

aat act aca aat cet aaa tta tct tat caa gga aag eta ggc ata agt 

Asn Ala Thr Asn Pro Lys Leu Ser Tyr Gin Gly Lys Leu Gly lie Ser 

2io 215 220 

tac tea ate aat tct gaa get tct ate ttt ate ggt gga cat ttc cat 720 

Ty- c e- He Asn Ser Glu Ala Ser He Phe He Gly Gly His Phe His 

225 230 235 240 

aga att ata ggt aat gaa ttt aaa gat att get acc tta aaa ata ttt 76S 

Ara Val He Gly Asn Glu Phe Lys Asp He Ala Thr Leu Lys lie Phe 

24 5 2 50 255 

act tea aaa aca gga ata tct aat cet ggc ttt gca tea gca aca ctt 616 

Thr Ser Lys Thr Gly He Ser Asn Pro Gly Phe Ala Ser Ala Thr Leu 

260 265 270 

gat att tat cac ttt ggt ata gaa att gga gga agg ttt gta ttt taa 864 

Asp Val Cys Hrs Phe Gly He Glu He Gly Gly Arg Phe Val Phe 

7,*-7c 280 28 5 



<210; 2 
<211: 287 
<212- PF.T 
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<213> Cowdna ruminant: ium 

<400> 2 

Met Asn Cvs Lvs Lvs lie Phe lie Thr Ser Thr Leu lie Ser Leu Val 
1 *5 10 15 

Ser Phe Leu Pro Gly Val Ser Phe Ser Asp Val lie Gin GIu Asp Ser 



20 



3 0 



Asn Pro Ala Gly Ser Val Tyr He Ser Ala Lys Tyr Met Pro Thr Ala 
35 40 45 

Ser His Phe Gly Lys Met Ser He Lys Glu Asp Ser Lys Asn Thr Gin 
50 55 60 

Thr Val Phe Gly Leu Lys Lys Asp Trp Asp Gly Val Lys Thr Pro Ser 
65 " 70 75 80 

Asp Ser Ser Asn Thr Asn Ser Thr He Phe Thr Glu Lys Asp Tyr Ser 
85 90 95 

Phe Arg Tyr Glu Asn Asn Pro Phe Leu Gly Phe Ala Gly Ala He Gly 
100 105 HO 

Tyr Ser Met Asn Gly Pro Arg He Glu Phe Glu Val Ser Tyr Glu Thr 
115 120 125 

Phe Asp Val Lys Asn Leu Gly Gly Asn Tyr Lys Asn Asn Ala His Met 
130 135 140 

Tyr Cys Ala Leu Asp Thr Ala Ala Gin Asn Ser Thr Asn Gly Ala Gly 
145 * " 150 155 160 

Leu Thr Thr Ser Val Met Val Lys Asn Glu Asn Leu Thr Asn He Ser 
165 170 175 

Leu Met Leu Asn Ala Cys Tyr Asp He Met Leu Asp Gly He Pro Val 
180 185 190 

Ser Pro Tyr Val Cys Ala Gly He Gly Thr Asp Leu Val Ser Val He 
195 200 205 

Asn Ala Thr Asn Pro Lys Leu Ser Tyr Gin Gly Lys Leu Gly He Ser 
210 215 220 

Tyr Ser He Asn Ser Glu Ala Ser He Phe He Gly Gly His Phe His 

225 230 235 240 

Ara Val He Glv Asn Glu Phe Lys Asp lie Ala Thr Leu Lys He Phe 
245 250 255 



Thr Ser Lys Thr Gly He Ser Asn Pro Gly Phe Ala Ser Ala Thr Leu 

2 6 0 2 € 5 ~ 7 - 

Asp Val Cys His Phe Gly He Glu He Gly Gly Arg Pne Val Phe 
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275 



28 C 



>85 



<210> 3 

<211> 842 

<212> DNA 

<213> Ehrlichia chaffeensis 

<220> 

<221> CDS 

<222> (1) - . (840) 

<400> 3 

atg aat tac aaa aaa agt ttc aca aca gcg att gat ate att aat ate 

Met Asn Tyr Lys Lys Ser Phe He Thr Ala He Asp He He Asn He 

1 ' ' * 5 10 15 

ctt etc tta cct gga gta tea ttt tec gac cca agg cag gta gtg gtc 
Leu Leu Leu Pro Gly Val Ser Phe Ser Asp Pro Arg Gin Val Val Val 
20 25 30 

att aac ggt aat ttc tac ate agt gga aaa tac gat gee aag get teg 
He Asn Gly Asn Phe Tyr He Ser Gly Lys Tyr Asp Ala Lys Ala Ser 
35 40 45 

cat ttt gga gta ttc tct get aag gaa gaa aga aat aca aca gtt gga 
His Phe Gly Val Phe Ser Ala Lys Glu Glu Arg Asn Thr Thr Val Gly 
50 55 60 

gtg ttt gga ctg aag caa aat tgg gac gga age gca ata tec aac tec 
Val Phe Gly Leu Lys Gin Asn Trp Asp Gly Ser Ala He Ser Asn Ser 

70 75 80 



65 



96 



144 



192 



24 0 



288 



336 



384 



tee cca aac gat gta ttc act gtc tea aat tat tea ttt aaa tat gaa 

Ser Pro Asn Asp Val Phe Thr Val Ser Asn Tyr Ser Phe Lys Tyr Glu 
85 90 95 

aac aac ccg ttt tta ggt ttt gca gga get att ggt tac tea atg gat 

Asn Asn Pro Phe Leu Gly Phe Ala Gly Ala He Gly Tyr Ser Met Asp 

100 105 HO 

ggt cca aga ata gag ctt gaa gta tct tat gaa aca ttt gat gta aaa 

Gly Pro Arg He Glu Leu Glu Val Ser Tyr Glu Thr Phe Asp Val Lys 

115 120 125 

aat caa ggt aac aat tat aag aat gaa gca cat aga tat tgt get eta 432 

Asn Gin Gly Asn Asn Tyr Lys Asn Glu Ala His Arg Tyr Cys Ala Leu 

130 135 140 

tec cat aac tea gca gca gac atg agt agt gca agt aat aat ttt gtc 480 

Ser His Asn Ser Ala Ala Asp Met Ser Ser Ala Ser Asn Asn Phe Val 
145 150 155 160 

ttt eta aaa aat gaa gga tta ctt gac ata tea ttt atg ctg aac gca 528 

Phe Leu Lys Asn Glu Gly Leu Leu As P lie Ser Phe Met Leu Asn Ala 
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165 170 175 

tgc cat gac gta gta ggc gaa ggc ata cct ttt tct cct cat ata tgc 576 

Cys Tyr Asp Val Val Gly Glu Gly lie Pro Phe Ser Pro Tyr lie Cys 

180 185 190 

gca ggt ate ggt act gat tta gta tec atg ttt gaa get aca aat cct 624 

Ala Gly He Gly Thr Asp Leu Val Ser Met Phe Glu Ala Tnr Asn Pro 

195 200 205 

aaa att tct tac caa gga aag tta ggt tta age tae tct ata age cca 672 

Lys He Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Ser He Ser Pro 

210 215 220 

gaa get tct gtg ttt att ggt ggg cac ttt cat aag gta ata ggg aac 720 

Glu Ala Ser Val Phe He Gly Gly His Phe His Lys Val lie Gly Asn 

225 230 235 240 



gaa ttt aga gat att cct act ata ata cct act gga tea aca ctt gca 

Glu Phe Arg Asp He Pro Thr lie He Pro Thr Gly Ser Thr Leu Ala 
24 5 2 50 255 

gaa aaa gga aac tac cct gca ata gta ata ctg gat gta tgc cac ttt 

Gly Lys Gly Asn Tyr Pro Ala He Val He Leu Asp Val Cys His Phe 

260 265 270 

gga ata gaa atg gga gga agg ttt aa 

Gly He Glu Met Gly Gly Arg Phe 

275 280 



76S 



816 



84: 



<210> 4 
<211> 280 
<212 > PRT 

<213> Ehrlichia chaffeensis 
<400> 4 

Met Asn Tyr Lys Lys Ser Phe He Thr Ala He Asp He He Asn He 
1 * ' 5 10 15 

Leu Leu Leu Pro Gly Val Ser Phe Ser Asp Pro Arg Gin Val Val Val 
20 25 30 

He Asn Gly Asn Phe Tyr He Ser Gly Lys Tyr Asp Ala Lys Ala Ser 
35 40 45 

His Phe Gly Val Phe Ser Ala Lys Glu Glu Arg Asn Thr Thr Val Gly 
50 55 60 

Va 1 Phe Gly Leu Lvs Gin Asn Tro Asp Gly Ser Ala He Ser Asn Ser 
o 5 ' 

Ser Pro Asn Asp Val Phe Thr Val Ser Asn Tyr Ser Phe Lys Tyr Glu 
Q S 9C 95 
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Asn Asn Pre Phe Leu Gly Phe Ala Gly Ala lie Gly Tyr Ser Met Asp 
10C 105 HO 

Gly Pre Arg lie Glu Leu Glu Val Ser Tyr Glu Thr Phe Asp Val Lys 
115 120 125 

Asn Gin Glv Asn Asn Tvr Lvs Asn Glu Ala His Arg Tyr Cys Ala Leu 
130 135 140 

Ser His Asn Ser Ala Ala Asp Met Ser Ser Ala Ser Asn Asn Phe Val 

145 150 155 160 

Phe Leu Lys Asn Glu Gly Leu Leu Asp lie Ser Phe Met Leu Asn Ala 
165 170 175 

Cys Tvr Asn Val Val Gly Glu Gly He Pre Phe Ser Pro Tyr He Cys 
180 185 190 

Ala Gly He Gly Thr Asp Leu Val Ser Met Phe Glu Ala Thr Asn Pro 
195 200 205 

Lys He Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Ser He Ser Pro 
2io 215 220 

Glu Ala Ser Val Phe lie Gly Gly His Phe His Lys Val He Gly Asn 

2 25 230 235 240 

Glu Phe Arg Asp He Pro Thr He lie Pro Thr Gly Ser Thr Leu Ala 

245 250 255 

Gly Lys Gly Asn Tyr Pro Ala He Val lie Leu Asp Val Cys His Phe 
260 265 270 

Gly He Glu Met Gly Gly Arg Phe 

2 7 5 2 8 0 



<210> 5 
<211 > 849 
< 2 1 2 > DNA 

<213> Anaplasma marginale 

<220> 

<221> CDS 

<222> (1) . . (846 ) 

<400> 5 
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atg aa: tac aga gaa ttg ttc aca ggg ggc ctg tea gca gec aca gtc 48 

Met: Asn Tyr Arg Glu Leu Phe Thr Giy Gly Leu Ser Ala Ala Thr Val 

1 5 10 15 

tgc gec tgc tec eta ctt gtt agt ggg gec gta gtg gca tct ccc atg 96 

Cys Ala Cys Ser Leu Leu Val Ser Gly Ala Val Val Ala Ser Pre Me: 

2 0 15 3 0 

agt cac gaa gtg get tct gaa ggg gga gta atg gga ggt age ttt tac 144 

Ser His Glu Val Ala Ser Glu Gly Gly Val Met Gly Gly Ser Phe Tyr 

35 40 45 

gtg ggt gcg gee tac age cca gca ttt cct tct gtt ace teg ttc gac 192 

Val Gly Ala Ala Tyr Ser Pro Ala Phe Pro Ser Val Thr Ser Phe Asp 



5C 



60 



atg cgt gag tea age aaa gag acc tea tac gtt: aga ggc tat gac aag 240 

Met Arg Glu Ser Ser Lys Glu Thr Ser Tyr Val Arg Gly Tyr Asp Lys 

65 70 75 80 

age act gca acg att gat gtg agt gtg cca gca aac ttt tec aaa tct 288 

Ser lie Ala Thr lie Asp Val Ser Val Pro Ala Asn Phe Ser Lys Ser 

85 90 95 

ggc tac act ttt gec ttc tct aaa aac tta ate aeg tct ttc gac ggc 

Gly Tyr Thr Phe Ala Phe Ser Lys Asn Leu lie Thr Ser Phe Asp Gly 

100 105 110 

get gtg gga tat tct ctg gga gga gee aga gtg gaa ttg gaa gcg age 384 

Ala Val Gly Tyr Ser Leu Gly Gly Ala Arg Val Glu Leu Glu Ala Ser 

115 120 125 



tta aat ggc tgc tat gac gtg ctg cac aca gat tta cct gtg tec ccg 

Leu Asn Gly Cys Tyr Asp Val Leu His Thr Asp Leu Pro Val Ser Pre 

180 185 190 

tat at a tgc gec ggg ata ggc gca age ttt gtt gac ate tct aag caa 

Tyr Val Cvs Ala Gly lie Gly Ala Ser Phe Val Asp lie Ser Lys Gin 

195 2 0 0 205 

gta acc aca aag ctg gee cac agg ggc aag gtt ggg att age tac cag 

Val Thr Thr Lys Leu Ala Tyr Arg Gly Lys Val Giy lie Ser Tyr Gin 



336 



480 



tac aga agg ttt get act ttg gcg gac ggg cag tac gca aaa agt ggt 43: 

Tyr Arg Arg Phe Ala Thr Leu Ala Asp Gly Gin Tyr Ala Lys Ser Gly 

130 135 140 

gcg gaa tct ctg gca get att acc cgc gac get aac att act gag acc 

Ala Glu Ser Leu Ala Ala lie Thr Arg Asp Ala Asn He Thr Glu Thr 

145 150 155 160 

aat tac ttc gta gtc aaa att gat gaa ate aca aac acc tea gtc atg 528 

Asn Tyr Phe Val Val Lys He Asp Giu He Thr Asn Thr Ser Val Met 

165 170 175 



576 
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ttt act ecg gaa a:a tec ttg gtg gca ggt ggg ttc tac cac ggg eta 720 

Phe Thr Pro Glu lie Ser Leu Val Ala Gly Gly Phe Tyr His Gly Leu 
225 230 235 240 

ttt gat gag tct tac aag gac att ccc gca cac aac agt gta aag ttc 768 

Phe Asp Glu Ser Tyr Lys Asp lie Pro Ala His Asn Ser Val Lys Phe 
245 250 255 

tct gga gaa gca aaa gec tea gtc aaa gcg cat att get gac tac ggc 816 

Ser Gly Glu Ala Lys Ala Ser Val Lys Ala His lie Ala Asp Tyr Gly 

260 265 270 

ttt aac ctt gga gca aga ttc ctg ttc age taa 849 

Phe Asn Leu Gly Ala Arg Phe Leu Phe Ser 
275 280 



<210> 6 
<211> 282 
<212> PRT 

<213> Anaplasma marginale 
<400> 6 

Met Asn Tyr Arg Glu Leu Phe Thr Gly Gly Leu Ser Ala Ala Thr Val 
15 10 15 

Cys Ala Cys Ser Leu Leu Val Ser Gly Ala Val Val Ala Ser Pro Met 
20 25 30 

Ser His Glu Val Ala Ser Glu Gly Gly Val Met Gly Gly Ser Phe Tyr 
35 40 45 

Val Gly Ala Ala Tyr Ser Pro Ala Phe Pro Ser Val Thr Ser Phe Asp 
50 55 60 

Met Arg Glu Ser Ser Lys Glu Thr Ser Tyr Val Arg Gly Tyr Asp Lys 
65 70 75 80 

Ser lie Ala Thr lie Asp Val Ser Val Pro Ala Asn Phe Ser Lys Ser 
65 90 95 

Gly Tyr Thr Phe Ala Phe Ser Lys Asn Leu lie Thr Ser Phe Asp Gly 
100 105 110 

Ala Val Gly Tyr Ser Leu Gly Gly Ala Arg Val Glu Leu Glu Ala Ser 
115 120 125 

Tyr Arg Arg Phe Ala Thr Leu Ala Asp Gly Gin Tyr Ala Lys Ser Gly 
130 135 140 

Ala Glu Ser Leu Ala Ala lie Thr Arg Asp Ala Asn lie Thr Glu Thr 
145 150 155 160 

Asn Tyr Phe Val Val Lys lie Asp Glu lie Thr Asn Thr Ser Val Met 

165 170 17 5 
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Leu Asn Gly Cys Tyr Asp Val Leu His Thr Asp Leu Pro Val Ser Pre 
180 185 190 

Tyr Val Cys Ala Gly lie Gly Ala Ser Phe Val Asp lie Ser Lys Gin 

195 200 205 

Val Thr Thr Lys Leu Ala Tyr Arg Gly Lys Val Gly lie Ser Tyr Gin 
210 215 220 

Phe Thr Pro Glu lie Ser Leu Val Ala Gly Gly Phe Tyr His Gly Leu 
225 230 235 240 

Phe Asp Glu Ser Tyr Lys Asp lie Pro Ala His Asn Ser Val Lys Phe 
245 250 255 

Ser Gly Glu Ala Lys Ala Ser Val Lys Ala His lie Ala Asp Tyr Gly 

260 265 270 

Phe Asn Leu Gly Ala Arg Phe Leu Phe Ser 
275 280 



<210> 7 
<211> 132 
<212> DNA 

<213> Ehrlichia chaffeensis 
<400> 7 

ggaatgaatt cagggacatt tctactctta aagcgtttgc tacaccatca tetgeagcta 60 
ctccagactt agcaacagta acactgagtg tgtgtcactt tggagtagaa cttggaggaa 12 0 
gatttaactt ct 132 

<210> 8 
<211> 861 
<212> DNA 

<213> Ehrlichia chaffeensis 
<400> 8 

atatgaactg cgaaaaattt tttataacaa ctgeattaac attactaatg tccttcttac 60 

ctggaatatc acrttctgat ccagtacagg atgacaacat tagtggtaat ttctacatca 120 

gtggaaagta tatgecaage gettegcatt ttggagtrtt ttctgccaag gaagaaagaa 180 

atacaacagt tggagtattt ggaatagagc aagattggga tagatgtgta atatctagaa 240 

ccactttaag cgatatattc accgttccaa attattcatt taagtatgaa aataatctat 300 

tttcaggatt tgeaggaget attggctact caatggatgg cccaagaata gagcttgaag 36 C 

tatcttatga agcattcga: attaaaaacc aaggtaacaa ttataagaac gaagcacata 420 
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gatattatgc tctgtcccat cttctcggca 
cgtctgtctt tctaataaat gaaggactac 
atgatgtaat aagtgaaggc ataccttttt 
atttagtatc catgtttgaa gctataaatc 
taagttaccc tataagccca gaagcttctg 
taggaaacga atttagagat attcctacta 
aaggaaacta ccctgcaata gtaacactgg 
gaaggttraa cttccaactt t 

<210> 9 
<211> B37 
<212> DNA 

<213> Ehrlichia chaffeensis 
<400> 9 

atatgaattg caaaaaattt tttataacaa 
ctggaatatc attttctgat ccagtgcaag 
gtggcaagta tatgccaagt gcttcgcatt 
atcctactgt tgcattgtat ggcttaaaac 
acaatgataa tcatttcaat aacaagggtt 
tagggtttgc aggagctatt ggttattcaa 
cctatgaaac atttgacgtt aaaaatcagg 
actgtgcttr aggtcaacaa gacaacagcg 
taaaaagcga aggattgctt gacatatcat 
acgagagcat acctttgtct ccttacatat 
tgtttgaagc tacaaatcct aaaatttctt 
taaacccaga agcttctgta tttattggtg 
ttagggacat tcctactctg aaagcatttg 
tagtaacact aagtgtatgt cattttggaa 

< 2 1 0 > 10 
<211> 843 
<212> DNA 
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cagagacaca gatagatggt gcaggcagtg 48 0 
ttgataaatc atttatgctg aacgcatgtt 540 
ctccttatat atgtgcaggt attggtattg 600 
ctaaaatttc ttatcaagga aaattaggct 660 
tgtt tattgg tggacatttt cataaggtga 720 
tgatacctag tgaatcagcg cttgcaggaa 780 
acgtgttcta ctttggcata gaacttggag 840 

861 



ctgcattagt atcactaatg tcctttctac 60 
gtgacaatat tagtggtaat ttctatgtta 120 
ttggcatgtt ttctgccaaa gaagaaaaaa 180 
aagattggga agggattagc tcatcaagtc 240 
attcatttaa atatgaaaat aacccatttt 300 
tgggtggtcc aagagtagag tttgaagtgt 36 0 
gtaataacta taaaaatgat gctcacagat 420 
gaatacctaa aactagtaaa tacgtactgt 480 
ttatgctaaa tgcatgctat gatataataa 540 
gtgcaggtgt cggtactgat ttaatatcca 600 
accaagggaa gttaggtcta agttactcta 660 
gacattttca taaggtgata ggaaacgaat 720 
ttacgtcatc agctactcca gatctagcaa 780 
tagaacttgg aggaaggttt aacttct 837 



WO 00/65063 PCT/US00/1 0886 

1 i 

<213> Ehrlichia chaffeensis 
< 4 0 0 > 1 C 

atatgaartg caaaaaatt: tttataacaa ctacattagt atcgctaatg tccttcttac 60 

ctggaatatc att:tc:gat gcagtacaga acgacaatgt tggtggtaat ttctataica 12 Z 

gtgggaaata tgtaccaagt gtttcacatt ttggcguatt ctctgctaaa caggaaagaa ISC 

atacaacaat cggagtattt ggattaaagc aagattggga tggcagcaca atatctaaaa 240 

attctccaga aaacacattt aacgttccaa atcattcatt taaatatgaa aataatccat 30C 

ttctaggttt tgcaggagct gttggttatt taatgaatgg tccaagaata gagttagaaa 360 

tgtcctatga aacatttgat gtgaaaaacc agggtaataa ctataagaac gatgctcaca 420 

aatattatgc tttaaccca: aacagtgggg gaaagctaag caatgcaggt ganaagtttg 480 

tttttctaaa aaatgaagga ctacttgata tatcacttat gttgaatgca rgctatgatg 540 

taataagtga aggaatacct ttctctcctt acatatgtgc aggtgttggt actgatttaa 600 

tatccatgtt tgaagctata aaccctaaaa tttcttatca aggaaagtta ggtttgagtt 660 

actccataag cccagaagct tctgtttttg ttggtggaca ttttcataag gtgataggga 720 

atgaattcag agatattcct gctatgatac ccagtacctc aactctcaca ggtaatcact 780 

ttactatagt aacactaagt gtatgccact ttggagtgga acttggagga aggtttaact 840 
ttt 843 

<210> 11 
<211> 830 
<212> DNA 

<213> Ehrlichia chaffeensis 
<400> 11 

atatgaatta caaaaaagtt ttcataacaa gtgcattgat atcattaata rcttctctac 60 
ctggagtatc at t ttccgac ccagcaggta gtggtattaa cggtaatttc tacaicagtc 120 
gaaaatacat gccaagtgct tcgcattttg gagtattctc tgctaaggaa gaaagaaata 180 
caacagtcgg agtgtttgga ctgaagcaaa attgggacgg aagcgcaata tccaactcc: 240 
ccccaaacga tgtattcact gtctcaaatt attcatttaa atatgaaaac aacccgict: 300 
taggrtttgc aggagctatt ggttactcaa tggatggtcc aagaatagag cttgaagtat 360 
cttatgaaac atttcatgta aaaaatcaag gtaacaatta taagaatgaa gcacataga: 420 
attgtactc: atcccanaac tcagcagcag acatgagtag tgcaagtaat aattttgtct 480 
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ttctaaaaaa tgaaggatta cttgacatat 
taggcgaagg catacctttt tctccttata 
ccatgtttga agctacaaat cctaaaattt 
ctataagccc agaagcttct gtgtttattg 
aatttagaga tattcctact ataataccta 
accctgcaat agtaatactg gatgtatgcc 

<210> 12 
<211> 864 
<212 > DNA 

<213> Ehrlichia canis 
<400> 12 

atatgaaata taaaaaaact tttacagtaa 
attttatacc tttttatagt ccagcacgtg 
gaaaatatat gccaacagcg tcacattttg 
ttactaaggt attagttggg ttagatcaac 
atacagcaaa gagtcttaag gttcaaaatt 
taggatttgc aggagctatt ggttattcaa 
cacatgaaat atttgatact aaaaacccag 
attgcgcttt atctcatgga agtcacatat 
ctgcaaaaac tgataagttt gtacttctga 
tgttaaacgc atgttatgac ataacaactg 
caggtattgg tactgatctc atatctatgt 
aaggaaagtt aggtttaaac tatactataa 
actttcataa ggtaataggt aatgaattta 
caaacattaa agtacaacag tctgcaacag 
agattggaag tagatttttc tttt 

<210> 13 
<211> 39S 
<212> DNA 

<213> Ehrlichia cams 
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catttatgct gaacgcatgc tatgacgtag 540 
tatgcgcagg tatcggtact gatttagtat 600 
cttaccaagg aaagttaggt ttaagctact 660 
gtgggcactt tcataaggta atagggaacg 720 
ctggatcaac acttgcagga aaaggaaact 780 
actttggaat agaaatggga 630 



ctgcattagt attattaact tcctttacac 60 
ccagtacaat tcacaacttc tacattagtg 120 
gaattttttc agctaaagaa gaacaaagtt 180 
gattatcaca taatattata aacaataatg 240 
attcatttaa atacaaaaat aacccatttc 300 
taggcaattc aagaatagaa ctagaagtat 360 
gaaacaatta tttaaatgac tctcacaaat 420 
gcagtgatgg aaatagcgga gattggtaca 480 
aaaatgaagg tttacttgac gtctcattta 540 
aaaaaatgcc tttttcacct tatatatgtg 600 
ttgagacaac acaaaacaaa atatcttatc 660 
actcaagagt ttctgttttt gcaggtgggc 720 
aaggtattcc tactctatta cctgatggat 780 
taacattaga tgtgtgccat ctcgggt tag 84 0 

864 



WO 00/65063 PCT/US00/10886 
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<400> 13 

atatgaattg taaaaaagtt ttcacaataa gtgcattgat atcatccata tactccctac 6C 

ctaatgtctc auctctaac ccagtatatg gtaacagtat gtatggtaa: ttttacatat 12C 

caggaaagta cargccaagc gtucctcatt ttggaattt: ttcagctgaa gaagagaaaa 18C 

aaaagacaac tgtagtatat ggcttaaaag aaaactgggc aggagatgca atatctagtc 24C 

aaagtccaga tgataatttt accattcgaa attactcatt caagtatgca agcaacaagt 300 

ttttagggtt tgcagtagct attggttact cgataggcag cccaagaata gaagttgaga 360 
tgtcttatga agcatttgat gtaaaaaatc aaggtaaca 399 



< 2 1 0 > 14 
<211> 43 
<212> PRT 

<213> Ehrlichia chaffeensis 
<400> 14 

Asn Glu Phe Arg Asp lie Ser Thr Leu Lys Ala Phe Ala Thr Pro Ser 
15 10 15 

Ser Ala Ala Thr Pro Asp Leu Ala Thr Val Thr Leu Ser Val Cys His 

20 25 30 

Phe Gly Val Glu Leu Gly Gly Arg Phe Asn Phe 
35 40 



<210> 15 

<211> 286 

<212> PRT 

<213> Ehrlichia chaffeensis 

<400> 15 

Met Asn Cys Glu Lys Phe Phe lie Thr Thr Ala. Leu Thr Leu Leu Met 
! 5 10 15 

Ser Phe Leu Pro Gly lie Ser Leu Ser Asp Pro Val Gin Asp Asp Asn 

2 0 2 5 30 

lie Ser Gly Asn Phe Tyr lie Ser Gly Lys Tyr Met Pro Ser Ala Ser 
35 40 45 

His Phe Gly Val Phe Ser Ala Lys Glu Glu Arg Asn Thr Thr Val Gly 
5 C 5 S 6 0 

Val Phe Giv lie Glu Gin Asp Trp Asp Arc Cys Val lie Ser Arg Thr 
65 7 C "5 80 

Thr Leu Ser Asp lie Phe Thr Val Pre Asn Tyr Ser Phe Lys Tyr Glu 
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Asn Asn Leu Phe 
100 

Gly Pro Arg lie 
115 

Asn Gin Gly Asn 

1 3 C 

Ser His Leu Leu 
145 

Ser Val Phe Leu 



Asn Ala Cys Tyr 
180 

He Cys Ala Gly 
195 

Asn Pro Lys He 
210 

Ser Pro Glu Ala 
225 

Gly Asn Glu Phe 



Leu Ala Gly Lys 
260 

Tyr Phe Gly He 
275 



Ser Gly Phe Ala 



Glu Leu Glu Val 



Asn Tyr Lys Asn 

135 

Gly Thr Glu Thr 
150 

He Asn Glu Gly 
165 

Asp Val He Ser 



He Gly He Asp 
200 

Ser Tyr Gin Gly 
215 

Ser Val Phe He 
230 

Arg Asp He Pro 
245 

Gly Asn Tyr Pro 



Glu Leu Gly Gly 
28 0 



14 

Gly Ala He Gly 
105 

Ser Tyr Glu Ala 



Glu Ala His Arg 

14 0 

Gin He Asp Gly 
155 

Leu Leu Asp Lys 

170 

Glu Gly He Pro 
185 

Leu Val Ser Met 



Lys Leu Gly Leu 
220 

Gly Gly His Phe 
235 

Thr Met He Pro 
250 

Ala He Val Thr 
265 

Arg Phe Asn Phe 



Tyr Ser Met Asp 
110 

Phe Asp Val Lys 
125 

Tyr Tyr Ala Leu 



Ala Gly Ser Ala 
160 

Ser Phe Met Leu 
175 

Phe Ser Pro Tyr 

190 

Phe Glu Ala He 
205 

Ser Tyr Pro He 



His Lys Val He 
240 

Ser Glu Ser Ala 
255 

Leu Asp Val Phe 

270 

Gin Leu 
285 



<210> 16 
<211> 278 
<212> PRT 

<213> Ehrlichia chaffeensis 
<4 0 0 > 16 

Met Asn Cys Lys Lys Phe Phe He Thr Thr Ala Leu Val Ser Leu Met 
1 ' 5 10 



15 



Ser Phe Leu Pro Gly He Ser Phe Ser Asp Pro Val Gin Gly Asp Asn 

20 ' 25 30 

He Ser Gly Asn Phe Tyr Val Ser Gly Lys Tyr Met Pro Ser Ala Ser 

TP 4 0 4 5 



His Phe Gly Met Phe Ser Ala Lys Glu Glu Lys Asn Pro Thr Val Ala 



5C 



6 0 
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Leu Tyr Gly Leu Lys Gin Asp Trp Glu Gly He Ser Ser Ser Ser His 
€5 " 70 75 80 

Asn Asp Asn His Phe Asn Asn Lys Gly Tyr Ser Phe Lys Tyr Glu Asn 

8 5 9 0 5 5 

Asn Pro Phe Leu Gly Phe Ala Gly Ala He Gly Tyr Ser Met Gly Gly 
100 105 110 

Pro Arg Val Glu Phe Glu Val Ser Tyr Glu Thr Phe Asp Val Lys Asn 
115 120 125 

Gin Gly Asn Asn Tyr Lys Asn Asp Ala His Arg Tyr Cys Ala Leu Gly 
130 135 140 

Gin Gin Asp Asn Ser Gly He Pro Lys Thr Ser Lys Tyr Val Leu Leu 
145 150 155 160 

Lys Ser Glu Gly Leu Leu Asp He Ser Phe Met Leu Asn Ala Cys Tyr 
165 170 175 

Asp He He Asn Glu Ser He Pro Leu Ser Pro Tyr He Cys Ala Gly 
180 185 190 

Val Gly Thr Asp Leu He Ser Met Phe Glu Ala Thr Asn Pro Lys He 
195 200 205 

Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Ser He Asn Pro Glu Ala 
210 215 220 

Ser Val Phe He Gly Gly His Phe His Lys Val He Gly Asn Glu Phe 
225 230 235 240 

Arg Asp He Pro Thr Leu Lys Ala Phe Val Thr Ser Ser Ala Thr Pro 
245 250 255 

Asp Leu Ala He Val Thr Leu Ser Val Cys His Phe Gly He Glu Leu 
260 265 270 

Gly Gly Arg Phe Asn Phe 
275 



<210> 17 
<211> 280 
<212> PRT 

<213> Ehrlichia chaffeensis 
< 4 0 0 > 17 

Met Asn Cvs Lys Lys Phe Phe lie Thr Thr Thr Leu Val Ser Leu Met 
1 *5 10 15 

Ser Phe Leu Pro Gly He Ser Phe Ser Asp Ala Val Gin Asn Asp Asn 
20 2 5 30 
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Val Gly Gly Asn Phe Tyr lie Ser Gly Lys Tyr Val Pro Ser Val Ser 
3 5 4 0 4 5 

His Phe Gly Val Phe Ser Ala Lys Gin Glu Arg Asn Thr Thr He Gly 
50 55 60 

Val Phe Glv Leu Lvs Gin Asv Trp Asd Gly Ser Thr He Ser Lys Asn 
65 ' 70 75 80 

Ser Pro Glu Asn Thr Phe Asn Val Pro Asn Tyr Ser Phe Lys Tyr Glu 
85 90 95 

Asn Asn Pro Phe Leu Gly Phe Ala Gly Ala Val Gly Tyr Leu Met Asn 
100 105 HO 

Gly Pro Arg He Glu Leu Glu Met Ser Tyr Glu Thr Phe Asp Val Lys 
115 120 125 

Asn Gin Gly Asn Asn Tyr Lys Asn Asp Ala His Lys Tyr Tyr Ala Leu 
130 135 140 

Thr His Asn Ser Gly Gly Lys Leu Ser Asn Ala Gly Asp Lys Phe Val 
145 150 155 160 

Phe Leu Lys Asn Glu Gly Leu Leu Asp He Ser Leu Met Leu Asn Ala 
165 170 175 

Cys Tyr Asp Val He Ser Glu Gly He Pro Phe Ser Pro Tyr He Cys 
180 185 190 

Ala Gly Val Gly Thr Asp Leu He Ser Met Phe Glu Ala He Asn Pro 
195 J 200 205 

Lys He Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Ser He Ser Pro 
210 215 220 

Glu Ala Ser Val Phe Val Gly Gly His Phe His Lys Val He Gly Asn 
225 230 235 240 

Glu Phe Arg Asp He Pro Ala Met He Pro Ser Thr Ser Thr Leu Thr 

245 250 255 

Gly Asn His Phe Thr He Val Thr Leu Ser Val Cys His Phe Gly Val 
260 265 270 

Glu Leu Gly Gly Arg Phe Asn Phe 
275 280 



<210> 18 

<211> 276 

<212> PRT 

<213> Ehrlichia chaffeensis 

<400> 18 
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Met Asn Tv- Lys Lvs Val Phe He Thr Ser Ala Leu He Ser Leu He 
1 5 1C 15 

Se^ Ser Leu Pre Glv Val Ser Phe Ser Asp Pro Ala Gly Ser Gly He 

2C 2 5 3 0 

Asn Gly Asn Phe Tyr He Ser Gly Lys Tyr Met Pro Ser Ala Ser His 
35 40 45 

Phe Gly Val Phe Ser Ala Lys Glu Glu Arg Asn Thr Thr Val Gly Val 

50 55 6C 

Phe Gly Leu Lys Gin Asn Trp Asp Gly Ser Ala He Ser Asn Ser Ser 
65 * 70 75 80 

Pro Asn Asp Val Phe Thr Val Ser Asn Tyr Ser Phe Lys Tyr Glu Asn 
85 90 95 

Asn Pro Phe Leu Gly Phe Ala Gly Ala lie Gly Tyr Ser Met Asp Gly 
100 105 HO 

Pro Arg He Glu Leu Glu Val Ser Tyr Glu Thr Phe Asp Val Lys Asn 

115 120 125 

Gin Gly Asn Asn Tyr Lys Asn Glu Ala His Arg Tyr Cys Ala Leu Ser 
130 135 140 

His Asn Ser Ala Ala Asp Met Ser Ser Ala Ser Asn Asn Phe Val Phe 
145 150 155 160 

Leu Lys Asn Glu Gly Leu Leu Asp He Ser Phe Met Leu Asn Ala Cys 
165 170 175 

Tyr Asp Val Val Glv Glu Glv He Pro Phe Ser Pro Tyr He Cys Ala 
180 185 190 

Gly He Gly Thr Asp Leu Val Ser Met Phe Glu Ala Thr Asn Pro Lys 
195 200 205 

He Ser Tyr Gin Gly Lys Leu Gly Leu Ser Tyr Ser He Ser Pro Glu 
210 215 220 

Ala Ser Val Phe lie Gly Gly His Phe His Lys Val He Gly Asn Glu 
225 ' ~ 230 235 240 

Phe Arg Asp lie Pro Thr He He Pro Thr Gly Ser Thr Leu Ala Gly 
24 5 2 50 2 55 

Lys Glv Asn Tyr Pre Ala lie Val He Leu Asp Val Cys His Phe Gly 

260 265 270 

He Glu Met Gly 

r> " =: 
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<210> 19 

<211> 287 

<212> PRT 

<213> Ehrlichia cams 



< 4 0 0 > 15 

Met Lys Tyr Lys 

1 

Ser Phe Thr His 

20 

lie His Asn Phe 

35 

Phe Gly lie Phe 

5 0 

Val Gly Leu Asp 
65 

Thr Ala Lys Ser 



Asn Pro Phe Leu 
100 

Ser Arg lie Glu 
115 

Pro Gly Asn Asn 
13 0 

His Gly Ser His 
145 

Ala Lys Thr Asp 



Val Ser Phe Met 
180 

Pro Phe Ser Pro 
195 

Met Phe Glu Thr 
21C 

Leu Asn Tyr Thr 
225 

Phe His Lys Val 



Lys Thr Phe Thr 



Phe lie Pro Phe 



Tyr lie Ser Gly 
40 

Ser Ala Lys Glu 
55 

Gin Arg Leu Ser 

70 

Leu Lys Val Gin 
85 

Gly Phe Ala Gly 



Leu Glu Val Ser 
120 

Tyr Leu Asn Asp 
135 

lie Cys Ser Asp 
150 

Lys Phe Val Leu 
165 

Leu Asn Ala Cys 



Tyr lie Cys Ala 
200 

Thr Gin Asn Lys 
215 

lie Asn Ser Arg 

230 

lie Gly Asn Glu 
245 



Val Thr Ala Leu 

10 

Tyr Ser Pro Ala 

25 

Lys Tyr Met Pro 



Glu Gin Ser Phe 

60 

His Asn lie lie 

75 

Asn Tyr Ser Phe 
90 

Ala lie Gly Tyr 
105 

His Glu lie Phe 



Ser His Lys Tyr 
140 

Gly Asn Ser Gly 
155 

Leu Lys Asn Glu 
170 

Tyr Asp He Thr 
185 

Gly He Gly Thr 



He Ser Tyr Gin 
220 

Val Ser Val Phe 
235 

Phe Lys Gly He 

250 



Val Leu Leu Thr 

15 

Arg Ala Ser Thr 

30 

Thr Ala Ser His 
45 

Thr Lys Val Leu 



Asn Asn Asn Asp 
80 

Lys Tyr Lys Asn 
95 

Ser He Gly Asn 
110 

Asp Thr L/ys Asn 
125 

Cys Ala Leu Ser 



Asp Trp Tyr Thr 

160 

Gly Leu Leu Asp 
175 

Thr Glu Lys Met 
190 

Asp Leu He Ser 
205 

Gly Lys Leu Gly 



Ala Gly Gly His 
240 

Pro Thr Leu Leu 
255 
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Pro Asp Giv Ser Asn lie Lvs Val Gin Gin Ser Ala Thr Val Thr Leu 
260 265 27C 

Asp Val Cys His Phe Gly Leu Glu lie Gly Ser Arg Phe Phe Phe 
/-^ 280 265 



<21 0 > 2 C 
<211> 133 
<212> PRT 

<213> Ehrlichia cams 
<400> 20 

Met Asn Cys Lys Lys Val Phe Thr lie Ser Ala Leu lie Ser Ser lie 
1 * ^5 1C 15 

Tvr Phe Leu Pro Asn Val Ser Tyr Ser Asn Pro Val Tyr Gly Asn Ser 

2 0 25 3 0 

Met Tvr Gly Asn Phe Tyr lie Ser Gly Lys Tyr Met Pro Ser Val Pro 
35 40 45 

His Phe Gly He Phe Ser Ala Glu Glu Glu Lys Lys Lys Thr Thr Val 
50 55 60 

Val Tyr Gly Leu Lys Glu Asn Trp Ala Gly Asp Ala He Ser Ser Gin 
65 70 75 80 

Ser Pro Asp Asp Asn Phe Thr He Arg Asn Tyr Ser Phe Lys Tyr Ala 

85 90 55 

Ser Asn Lys Phe Leu Gly Phe Ala Val Ala He Gly Tyr Ser He Gly 

100 105 HO 



Ser 



Pro Arg He Glu Val Glu Met Ser Tyr Glu Ala Phe Asp Val Lys 



115 



120 125 



Asn Gin Gly Asn Asn 

13 0 



<210> 21 
c2 11 > 686 
<212> DNA 

<213> Ehrlichia cams 



<400> 21 

atgaaagcta tcaaattcat acttaatgtc tgcttactat ttgcagcaat atttttaggg 60 

tattcctata ttacaaaaca aggcatattt caaacaaaac atcatgatac acctaatact 120 

actataccaa atgaagacgg tattcaatct agctttagct taatcaatca agacggtaaa 180 

acagtaacca gccaagat:t cctagggaaa cacatgttag ttttgtttgg attctctgca 240 
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tgtaaaagca tttgccctgc agaattggga ttagtatctg aagcacttgc acaacttggt 300 

aataatgcag acaaattaca agtaattttt attacaattg atccaaaaaa tgatactgta 360 

gaaaaauaa aagaatttca tgaacatttt gattcaagaa ttcaaatgtt aacaggaaa: 420 

actg aagaca ttaatcaaat aarcaaaaat tataaaata: atgttggaca agcagataaa 48C 

gatcatcaaa ttaaccattc tgcaataatg tacctcattg acaaaaaagg atcatatctt 540 

tcacacttca ttccagattt aaaatcacaa gaaaatcaag tagataagt: actatcttta 60C 

gttaagcagt atctgtaaat aaattcatgg aatacgttgg atgagtaggt tttttttagt 660 

atttttagtg ctaataacat tggcar 

<210> 22 
<211> 618 
<212> DNA 

<213; Ehrlichia chaffeensis 
<400> 22 

atgaaagtta tcaaatttat acttaatatc tgtttattat ttgcagcaat ttttctagga 60 

tattcctacg taacaaaaca aggcattttt caagtaagag atcataacac tcccaataca 120 

aatatatcaa ataaagccag cattactact agtttttcgt tagtaaatca agatggaaat 180 

acagtaaata gtcaagattt tttgggaaaa tacatgctag ttttatttgg actttcttca 240 

tgtaaaagca tctgccctgc tgaattagga atagcatctg aagttctctc acagcttggt 300 

aatgacacag acaagttaca agtaatttrc attacaattg atccaacaaa tgatactgta 360 

caaaaattaa aaacatttca tgaacatttt gatcctagaa ttcaaatgct aacaggcagt 420 

gcagaagata ttgaaaaaat aataaaaaat cacaaaata: atgttggaca agcagataaa 480 

gataatcaaa ttgatcactc tgccataatg tacattatcg ataaaaaagg agaatacatt 540 

tcacactttr ctccagattt aaaatcaaca gaaaatcaag tagataagtt actatctata 600 
ataaaacaat atctctaa 6x5 



< 2 1 0 2 3 
<211- 205 
<212> PRT 

<213> Ehrlichia cams 
<4 0 0-- 2 3 

M^t Ala He Lvs Phe He Leu Asn Val Cys Leu Leu Phe Aia Ala 
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lie Phe Leu Gly Tyr Ser Tyr He Thr Lys Gin Gly He Phe Gin Thr 
2 C 2 5 3 0 

Lys His Kis Asp Thr Pre Asn Thr Thr He Pro Asn Glu Asp Gly He 
35 4 0 4 5 

Gin Ser Ser Phe Ser Leu He Asn Gin Asp Gly Lys Thr Val Thr Ser 
5 C 5 5 6 0 

Gin Asp Phe Leu Gly Lys Kis Met Leu Val Leu Phe Gly Phe Ser Ala 
65 * 70 75 80 

Cys Lys Ser lie Cys Pro Ala Glu Leu Gly Leu Val Ser Glu Ala Leu 

85 90 95 

Ala Gin Leu Gly Asn Asn Ala Asp Lys Leu Gin Val He Phe He Thr 
100 105 110 

He Asp Pro Lvs Asn Asp Thr Val Glu Lys Leu Lys Glu Phe His Glu 

115 120 125 

His Phe Asp Ser Arg He Gin Met: Leu Thr Gly Asn Thr Glu Asp lie 
130 135 140 

Asn Gin He He Lys Asn Tyr Lys He Tyr Val Gly Gin Ala Asp Lys 
145 150 155 160 

Asp His Gin He Asn His Ser Ala He Met Tyr Leu He Asp Lys Lys 

165 170 175 

Gly Ser Tyr Leu Ser His Phe He Pro Asp Leu Lys Ser Gin Glu Asn 
180 185 190 

Gin Val Asp Lys Leu Leu Ser Leu Val Lys Gin Tyr Leu 
195 200 205 



<210> 24 
<211> 205 
<212> PRT 

<213> Ehrlichia chaffeensis 
<400> 24 

Met Lys Val He Lvs Phe He Leu Asn He Cys Leu Leu Phe Ala Ala 

: '5 10 15 

He Phe Leu Gly Tyr Ser Tyr Val Thr Lys Gin Gly lie Phe Gin Val 

2 0 2 5 3 0 

Arg Asr His Asn Thr Pro Asn Thr Asn lie Ser Asn Lys Ala Ser He 
3 5 4 0 4 5 

Thr Thr Ser Phe Ser Leu Val Asn Gin Asp Gly Asn Thr Val Asn Ser 

5 C 5 5 6 C 
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Gin Asp Phe Leu Glv Lvs Tyr Met Leu Val Leu Phe Gly Phe Ser Ser 
65 " 70 75 8C 

Cys Lys Ser lie Cys Pre Ala Glu Leu Gly lie Ala Ser Glu Val Leu 
85 90 95 

Ser Gin Leu Gly Asn Asp Thr Asp Lys Leu Gin Val lie Phe lie Thr 
100 105 110 

lie Asp Pro Thr Asn Asp Thr Val Gin Lys Leu Lys Thr Phe His Glu 
115 120 125 

His Phe Asp Pro Arg lie Gin Met Leu Thr Gly Ser Ala Glu Asp He 
130 " 135 140 

Glu Lys lie He Lys Asn Tyr Lys He Tyr Val Gly Gin Ala Asp Lys 
145 * 150 155 16C 

Asp Asn Gin He Asp His Ser Ala He Met Tyr He He Asp Lys Lys 
165 170 175 

Gly Giu Tyr He Ser His Phe Ser Pro Asp Leu Lys Ser Thr Glu Asn 
18 0 185 190 

Gin Val Asp Lys Leu Leu Ser He He Lys Gin Tyr Leu 
195 200 205 



<210> 25 
<211> 618 
<212> DNA 

<213> Cowdria rummantium 

<220> 

c221> CDS 

<222> (1) . . (615) 

<400> 25 

ate aag get ate aag ttt ata cot aat eta tgt tta eta ttt gca gca 46 

Met Lys Ala He Lys Phe lie Leu Asn Leu Cys Leu Leu Phe Ala Ala 

1 ^5 10 15 

att ttt ttg gga tat tct tae ata aca aaa caa ggt ata ttc caa cca 96 
He Phe Leu Gly Tyr Ser Tyr He Thr Lys Gin Gly He Phe Gin Pre 

20 25 30 

aaa tta cac qac tet cet gat gtt aat ata teg aac aaa gcg gat ata 144 
Lys Leu His Asp Ser Pro Asp Val Asn He Ser Asn Lys Ala Asp He 
35 4 0 4 5 

aat act age ttt age tta att aat cag gat ggt att acg ata tct agt 152 
Asn Thr Ser Phe Ser Leu He Asn Gin Asp Gly He Thr He Ser Ser 

5C 55 60 

aaa gae ttc ctt gga aaa cat atg tta gtc ett ttt ggg ttt tct tct 24C 
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Lys Asd Phe Leu Gly Lys His Me: Leu Val Leu Phe Gly Phe Ser Ser 
\ c 7 C 7 5 80 

tar aaa ac: at: cgc ccc atg gaa era ggg rra gca rcc aca at: eta 288 

^ys Ly c Tr^~ He Cys Pro Met Glu Leu Gly Leu Ala Ser Thr He Leu 

e5 9 0 5 5 



aat caa ctt ggc aac gaa tct gac aag tta caa gta gtc ttt ata act 

Asp Gin Leu Gly Asn Glu Ser Asp Lys Leu Gin Val Val Phe He Thr 
10 0 105 HO 

att gat cca aca aaa gat act gta gaa aca eta aaa gag ttt cac aaa 

He Asp Pro Thr Lys Asp Thr Val Glu Thr Leu Lys Glu Phe His Lys 

US 120 125 

aat ttt gac tea egg att caa atg tta aca gga aac att gaa get att 

Asn Phe Asp Ser Arg He Gin Met Leu Thr Gly Asn lie Glu Ala He 

130 135 14C 

aat caa ata gta caa ggg tac aaa gta tat gta ggt cag cca gac aat 

Asn Gin He Val Gin Gly Tyr Lys Val Tyr Val Gly Gin Pro Asp Asn 

145 150 155 160 

gat aac caa att aac cat tct gga ata atg tat att gta gac aag aaa 

Asp Asn Gin He Asn His Ser Gly He Met Tyr He Val Asp Lys Lys 
165 170 175 

gga gaa tat tta aca cat ttt gta cca gat tta aag tea aaa gag cct 

Gly Glu Tyr Leu Thr His Phe Val Pro Asp Leu Lys Ser Lys Glu Pro 
180 185 190 

caa gtg gat aaa tta ctt tct tta att aag cag tat ctt taa 

Gin Val Asp Lys Leu Leu Ser Leu He Lys Gin Tyr Leu 

195 200 205 



3 3t 



3 84 



43: 



4 8: 



528 



576 



618 



<210> 26 
<211> 205 

< 2 1 2 > PRT 

<213> Cowdria rummant lum 

< 4 0 0 > 2 6 

Met Lys Ala lie Lys Phe He Leu Asn Leu Cys Leu Leu Phe Ala Ala 
x '5 10 15 

He Phe Leu Gly Tyr Ser Tyr He Thr Lys Gin Gly He Phe Gin Pro 
20 25 30 

Lvs Leu His Asp Ser Pre Asp Val Asn He Ser Asn Lys Ala Asp He 
3 5 4 0 4 5 

Asn Thr Ser Phe Ser Leu He Asn Gin Asp Gly lie Thr He Ser Ser 

- r. 55 6 C 
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Lvs Asp Phe Leu Giv Lvs His Met Leu Val Leu Phe Gly Phe Ser Ser 
65 7C 75 80 

Cvs Lys Thr lie Cys Pro Met GIu Leu Gly Leu Ala Ser Thr lie Leu 

8 5 9 0 9 5 

Asp Gin Leu Gly Asr. Glu Ser Asp Lys Leu Gin Val Val Phe He Thr 
100 105 HO 

He Asp Pre Thr Lys Asp Thr Val Glu Thr Leu Lys Glu Phe His Lys 
115 120 125 

Asn Phe Asp Ser Arg He Gin Met Leu Thr Gly Asn He Glu Ala lie 
130 135 140 

Asn Gin He Val Gin Gly Tyr Lys Val Tyr Val Gly Gin Pro Asp Asn 
145 150 155 160 

Asp Asn Gin He Asn His Ser Gly He Met Tyr He Val Asp Lys Lys 
165 170 175 

Gly Glu Tyr Leu Thr His Phe Val Pro Asp Leu Lys Ser Lys Glu Pro 
180 185 190 

Gin Val Asp Lys Leu Leu Ser Leu He Lys Gin Tyr Leu 

19 5 200 205 



<210> 27 
<211> 981 
<212> DNA 

<213> Cowdria ruminantium 

<220> 
<221> CDS 
<222> { 1) . . (978) 

<400> 27 

atg aag aaa ata ttg gtt acg ttt tta gtt gtt gtt aat gtg ttt tgt 

Met Lys Lys lie Leu Val Thr Phe Leu Val Val Val Asn Val Phe Cys 

1 5 10 15 

aat get gec att get tea aet gac tea tea gaa gat aaa cag tat att 
Asn Ala Ala lie Ala Ser Thr Aso Ser Ser Glu Asp Lys Gin Tyr lie 

20 25 30 

tta att agt aet ggt tct atg aet gga gta tat tat cet ata gga ggt 14< 
Leu lie Gly Thr Gly Ser Met Thr Gly Val Tyr Tyr Pro lie Gly Gly 
3 5 4 0 4 5 

age ata tgt agg ttt att gea tet gat tat ggt aat gat aat aae age 19: 
Ser lie Cys Arg Phe He Ala Ser Asp Tyr Gly Asn Asp Asn Asn Ser 
5 0 $ ? 6 c 



4 6 



96 
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ata gtt tgt tct ata tct tct aca act ggt age gta tat aat ctt aat 240 

He Val Cys Ser He Ser Ser Thr Thr Gly Ser Val Tyr Asn Leu Asn 

6 5 7 0 75 80 

tct atg cgt tat: gca aat atg gat ata ggt att att caa tct gat tta 286 

Ser Met Arg Tyr Ala Asn Met Asp He Gly He lie Gin Ser Asp Leu 
85 SC 55 

gag tac tat gca tat aat ggt att ggt tta tat gaa aaa atg cca gca 336 

Glu Tyr Tyr Ala Tyr Asn Gly He Gly Leu Tyr Glu Lys Met Pre Ala 
10O ' 105 110 

atg agg cat eta aga ata tta tct tea tta cat aaa gaa tat ctt aca 384 

Met Arg His Leu Arg He Leu Ser Ser Leu His Lys Glu Tyr Leu Thr 

115 120 125 

att gtt gtt agg gcg aat tct aat ata tea gtt att gat gat ata aaa 432 

He Val Val Arg Ala Asn Ser Asn lie Ser Val He Asp Asp lie Lys 

130 135 140 

ggc aaa aga gtt aat att ggt agt cct ggt act ggt gta aga ata gca 480 

Gly Lys Arg Val Asn lie Gly Ser Pro Gly Thr Gly Val Arg He Ala 
145 ' ~ 150 155 160 

atg tta aaa ttg tta aat gaa aaa gga tgg gga aga aaa gat ttt get 528 

Met Leu Lys Leu Leu Asn Glu Lys Gly Trp Gly Arg Lys Asp Phe Ala 
165 170 175 

gtt atg gca gaa tta aaa tea tea gag caa get caa gca tta tgt gat 576 

Val Met Ala Glu Leu Lys Ser Ser Glu Gin Ala Gin Ala Leu Cys Asp 
180 185 190 

aat aaa att gat gtg atg gta gat gtt gtt gga cat cct aat get gca 624 

Asn Lys lie Asp Val Met Val Asp Val Val Gly His Pro Asn Ala Ala 

195 200 205 

att caa gaa gca gca gca act tgt gat ata aaa ttt att tct tta gat 672 

He Gin Glu Ala Ala Ala Thr Cys Asp lie Lys Phe He Ser Leu Asp 

210 215 -2 0 

gat gat etc ata gat aaa tta cat act aag tat ccc tat tat aaa agg 720 

Asp Asp Leu He Asp Lys Leu His Thr Lys Tyr Pro Tyr Tyr Lys Arc 
225 230 235 240 

gat att att agt ggt gcg tta tac agt aac tta cct gat ata caa act 768 

Asp lie lie Ser Gly Ala Leu Tyr Ser Asn Leu Pro Asp lie Gin Thr 
245 250 255 

gtt tea gta aaa get tct tta ata aca act act gaa tta age aat gag 816 

Val Ser Val Lys Ala Ser Leu He Thr Thr Thr Glu Leu Ser Asn Glu 

260 265 270 

ttg gee tat aaa gtt gtt aaa tct ttg gtt age eat tta cat gaa eta 86-? 

Leu Ala Tvr Lvs Val Val Lvs Ser Leu Val Ser His Leu His Glu Leu 

27= 28C 285 
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cat gga att act gga get ctt aga aat ctt act gta aaa gac atg gta 
His Gly lie Thr Gly Ala Leu Arg Asn Leu Thr Val Lys Asp Met Val 



>9C 



295 



300 



91: 



cag tea gat 



at 



t aca cct tta cat gac ggt gca aaa cgt tat tat aag 



Gin Ser Asp He Thr Pro Leu His Asp Gly Ala Lys Arg Tyr Tyr Lys 



305 



31C 



32 0 



960 



gaa at 



gga gt 



ata aaa taa 



Glu He Gly Val He Lys 
325 



981 



<210> 28 
<211> 326 
<212> PRT 

<213> Cowdria ruminant lum 
<400> 28 

Met Lys Lys He Leu Val Thr Phe Leu Val Val Val Asn Val Phe Cys 
15 10 15 

Asn Ala Ala lie Ala Ser Thr Asp Ser Ser Glu Asp Lys Gin Tyr He 
20 25 30 

Leu He Gly Thr Gly Ser Met Thr Gly Val Tyr Tyr Pro lie Gly Gly 
3 5 4 0 4 5 

Ser lie Cys Arg Phe lie Ala Ser Asp Tyr Gly Asn Asp Asn Asn Ser 

50 55 60 

lie Val Cys Ser He Ser Ser Thr Thr Gly Ser Val Tyr Asn Leu Asn 
65 70 75 80 

Ser Met Arg Tyr Ala Asn Met Asp He Gly lie lie Gin Ser Asp Leu 
85 90 95 

Glu Tyr Tyr Ala Tyr Asn Gly lie Gly Leu Tyr Glu Lys Met Pro Ala 
100 105 110 

Met Arg His Leu Arg He Leu Ser Ser Leu His Lys Glu Tyr Leu Thr 
115 120 125 

He Val Val Arg Ala Asn Ser Asn lie Ser Val lie Asp Asp lie Lys 
13 0 13 5 14 0 



Gly Lys Arg Val Asn He Gly Ser Pro Gly Thr Gly Val Arg lie Ala 
14 5 15 0 



155 



160 



Met Leu Lys Leu Leu Asn Glu Lys Gly Trp Gly Arg Lys Asp Phe Ala 
165 170 175 

Val Met Ala Glu Leu Lys Ser Ser Glu Gin Ala Gin Ala Leu Cys Asp 

180 185 190 
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Asn Lys He Asp Val Me: Val Asp Vai Val Gly His Pro Asn Ala Ala 

155 200 205 

He Gin Giu Ala Ala Ala Thr Cys Asp He Lys Phe He Ser Leu Asp 
21C 215 220 

Asp Asp Leu He Asp Lys Leu His Thr Lys Tyr Pro Tyr Tyr Lys Arg 
225 230 235 240 

Asp He He Ser Gly Ala Leu Tyr Ser Asn Leu Pro Asp He Gin Thr 
245 250 255 

Val Ser Val Lys Ala Ser Leu He Thr Thr Thr Glu Leu Ser Asn Glu 
260 265 270 

Leu Ala Tyr Lys Val Val Lys Ser Leu Val Ser His Leu His Glu Leu 
275 280 285 

His Gly He Thr Gly Ala Leu Arg Asn Leu Thr Val Lys Asp Met Val 

290 295 30 0 

Gin Ser Asp He Thr Pro Leu His Asp Gly Ala Lys Arg Tyr Tyr Lys 
305 310 315 320 

Glu He Gly Val He Lys 
325 



<210> 29 

<211> 519 

<212> DNA 

<213> Cowdria ruminant ium 

<220> 

<221> CDS 

<222> (1) . . (516) 

<4 00 > 2 9 

atg aat ata ttc aai Lat atg oag ata atg cct aat ata aqt gtt gat 48 

Met Asn lie Phe Asn Tyr Met Gin He Met Pro Asn He Ser Val Asp 

1 5 10 15 



qca 



ttt gtt goa cct act get gta att ata ggt gat gtt tgt gta aat 96 

Ala Phe Val Ala Pro Thr Ala Val He He Gly Asp Val Cys Val Asn 

2 0 2 5 3 0 

qac aag tgt age att tag tat aac tea gta tta cat gga gat gta ggc 144 

Asp Lys Cvs Ser Tie Trp Tyr Asn Ser Val Leu Arg Glv Asp Val Gly 

35 4 0 4 5 

caa att gtt att ggt gta ggz act aat att caa gat ggg aca aca ata 192 

Gin He Val He Gly Val Gly Thr Asn He Gin Asp Gly Thr He He 

n; r 5 5 6 0 
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cat gtt gat agg aaa tat ggt aat acg aat att ggc aaa aag gtt act 240 

His Val Asp Arg Lys Tyr Gly Asn Thr Asn lie Gly Lys Lys Val Thr 
65 7 0 75 80 

att ggg cat ggg tgt ata tta cat get tgt gag ata caa gat tat gtg 28S 
lie Gly His Gly Cys lie Leu His Ala Cys Glu lie Gin Asp Tyr Val 
85 90 95 

ctt gtt gga atg gga tct att att atg gat aac gtt gtg gtt gaa aag 236 
Leu Val Gly Met Gly Ser lie lie Met Asp Asn Val Val Val Glu Lys 
100 105 110 

aat gca atg gtg get get gga tea tta gtg gta aga ggt aaa gtt gtg 384 
Asn Ala Met Val Ala Ala Gly Ser Leu Val Val Arg Gly Lys Val Val 

115 120 125 

aaa act ggt gaa tta tgg get ggt agg cct gca caa ttt tta aga atg 432 
Lys Thr Gly Glu Leu Trp Ala Gly Arg Pro Ala Gin Phe Leu Arg Met 
130 135 140 

ttg tct agt gat gaa att aaa gag ata agt aaa tct get gat aac tat 480 
Leu Ser Ser Asp Glu lie Lys Glu lie Ser Lys Ser Ala Asp Asn Tyr 
145 150 155 160 



ata gag ctt gee agt gat tac ata act ggt aag ttg taa 519 
lie Glu Leu Ala Ser Asp Tyr lie Thr Gly Lys Leu 
165 170 



<210> 30 

<211> 172 

<212> PRT 

<213> Cowdria ruminantium 

<400> 30 

Met Asn lie Phe Asn Tyr Met Gin lie Met Pro Asn lie Ser Val Asp 
1 5 10 15 

Ala Phe Val Ala Pro Thr Ala Val lie lie Gly Asp Val Cys Val Asn 

20 25 30 

Asp Lys Cys Ser lie Trp Tyr Asn Ser Val Leu Arg Gly Asp Val Gly 
35 40 45 

Gin lie Val He Gly Val Gly Thr Asn He Gin Asp Gly Thr He He 
5 0 5 5 6 0 

His Val Asp Arg Lys Tyr Gly Asn Thr Asn He Gly Lys Lys Val Thr 
65 70 75 80 

He Gly His Gly Cys He Leu His Ala Cys Glu He Gin Asp Tyr Val 
85 90 95 

Leu Val Gly Met Gly Ser lie lie Met Asp Asn Val Val Val Glu Lys 
10 0 105 HO 
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Asn Ala Met Val Ala Ala Gly Ser Leu Val Val Arg Gly Lys Val Val 
115 120 125 

Lys Thr Glv Glu Leu Trp Ala Gly Arg Pro Ala Gin Phe Leu Arg Me: 
130 * ^5 1^0 



Leu Ser Ser Asp Glu lie Lys Glu He Ser Lys Ser Ala Asp Asn Tyr 
14 5 



150 155 16C 



He Glu Leu Ala Ser Asp Tyr He Thr Gly Lys Leu 
165 170 



< 2 1 0 > 31 
<211> 753 
<212> DNA 

< 2 1 3 > Cowdria ruminant ium 

<220> 

< 2 2 I > CDS 
<222> (1) . . (750) 

<400> 31 

atg atg ata aga ate ttt ctt ttg tta ggc tta gta tta tta gta gca 

Met Met He Arg He Phe Leu Leu Leu Gly Leu Val Leu Leu Val Ala 

! 5 10 15 

agt ttt cca eta tta aat aac tgg eta tct aat cat tct ggt aag tct 
Ser Phe Pro Leu Leu Asn Asn Trp Leu Ser Asn His Ser Gly Lys Ser 

20 25 30 

act aca ttg gat aag gat gca gtt ata tct ata gtt gag gaa tat ata 
Thr Thr Leu Asp Lys Asp Ala Val He Ser He Val Glu Glu Tyr He 
35 4 0 4 5 



.a 



48 



96 



144 



ace aat tat cct cag agg gta ata gat tta ctt act aca ggc caa gca 19- 
Thr Asn Tvr Pro Gin Arg Val He Asp Leu Leu Thr Thr Gly Gin A. 
50 - 55 60 



caa qca gaa aga aca gag ctt act gaa aat att aaa aaa tat aaa tct 240 

Gin Ala Glu Arg Ala Glu Leu Thr Glu Asn lie Lys Lys Tyr Lys Ser 

65 7C 75 8C 

gag ctt gaa gat att gca tac cca tct get ggc aat aaa gac agt aaa 

Glu Leu Glu Asd He Ala Tyr Pro Ser Ala Gly Asn Lys Asp Ser Lys 

85 SC 95 

att aca ttt att gag ttc ttc gat tac tct tgt ggt tat tgt aaa atg 

He Ala Phe He Glu Phe Phe Asp Tyr Ser Cys Gly Tyr Cys Lys Met 

100 105 110 

atg ttt aaa aat ate aaa caa att ata aaa gat ggt aag gta cgt gtt 384 

Met Phe Glu Asp He Lys Gin He lie Lys Asp Gly Lys Val Arg Va. 

-is 120 125 



2 86 



*>3 6 
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30 



att tt: aga gat ttt cca ata ctt ggg gaa teg teg tta aag get gtt 
He Phe Arg Asp Pne Pre He Leu Giy GIu Ser Ser Leu Lys Ala Val 



13 0 



14C 



aaa gca gca tta act ata cat ctt ate aat cca agt aaa tac ttg gac 480 
Lvs Ala Ala Leu Ala Val His Leu He Asn Pre Ser Lys Tyr Leu Asp 



l4 5 1^- 



; c c 1 6 C 



ttc tat tat gca gca tta aat cat aaa cag cca ttt aat gat gaa tct 

Phe "V^ Ty- Ala Ala Leu Asn His Lys Gin Pro Phe Asn Asp Glu Ser 
165 1^0 175 

ata ctt aat ata gtt aaa tea ctt gaa att tea gaa gag gaa ttt aaa 

He Leu Asn He Val Lvs Ser Leu Glu He Ser Glu Glu Glu Phe Lys 

185 190 



180 



tct tta tct aaa aat tct agt act att gat aag atg ata gag tec 
Asp Ser Leu Ser Lys Asn Ser Ser Thr He Asp Lys Met He Glu Ser 



aat 



195 



200 205 



act aga aat ctg get gag aag tta aat ate aga ggt act cct get ctt 

Thr Arg Asn Leu Ala Glu Lys Leu Asn He Arg Gly Thr Pro Ala Leu 

210 215 220 

ata ata ggt gat gca ttc att ggg gga get gca gat tta tea act tta 

He He Gly Asp Ala Phe He Gly Gly Ala Ala Asp Leu Ser Thr Leu 

225 ' ~ 230 235 240 

aga agt aaa ata gta gaa cag cag gaa caa taa 

Arg Ser Lys He Val Glu Gin Gin Glu Gin 
24 5 250 



528 



576 



624 



672 



720 



753 



<210> 32 
<211> 250 
<212> PRT 

<213> Cowdria ruminant rum 
<400> 32 

Met Met He Arg He Phe Leu Leu Leu Gly Leu Val Leu Leu Val Ala 
1 " ~ 5 10 15 

Ser Phe Pro Leu Leu Asn Asn Trp Leu Ser Asn His Ser Gly Lys Ser 
20 25 30 

Thr Thr Leu Asp Lys Asp Ala Val He Ser He Val Glu Glu Tyr He 
35 4C 45 

Thr Asn Tyr Pro Gin Arg Val He Asp Leu Leu Thr Thr Gly Gin Ala 

5 0 5 5 6 0 

Gin Ala Glu Arg Ala Glu Leu Tnr Glu Asn He Lys Lys Tyr Lys Ser 
65 ~ 70 75 80 
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Glu Leu Glu Asp 



lie Ala Phe He 

IOC 

Met Phe Glu Asp 



He Phe Arg Asp 
130 

Lys Ala Ala Leu 
145 

Phe Tyr Tyr Ala 



He Leu Asn He 

18 0 

Asp Ser Leu Ser 

195 

Thr Arg Asn Leu 
210 

He He Gly Asp 
225 

Arg Ser Lys He 



He Ala Tyr Pre 
8 5 

Glu Phe Phe Asp 



He Lys Gin He 
120 

Phe Pro He Leu 
135 

Ala Val His Leu 
15C 

Ala Leu Asn His 
165 

Val Lys Ser Leu 



Lys Asn Ser Ser 
200 

Ala Glu Lys Leu 
215 

Ala Phe He Gly 
230 

Val Glu Gin Gin 
245 



Ser Ala Gly Asn 

9 0 

Tyr Ser Cys Gly 
105 

lie Lys Asp Gly 



Gly Glu Ser Ser 
140 

He Asn Pro Ser 

155 

Lys Gin Pro Phe 
170 

Glu He Ser Glu 

185 

Thr He Asp Lys 



Asn He Arg Gly 
220 

Gly Ala Ala Asp 
235 

Glu Gin 
250 



Lys Asp Ser Lys 
q c 

Tyr Cys Lys Met 
110 

Lys Val Arg Val 
125 

Leu Lys Ala Val 



Lys Tyr Leu Asp 
160 

Asn Asp Glu Ser 
175 

Glu Glu Phe Lys 

190 

Met He Glu Ser 
205 

Thr Pro Ala Leu 



Leu Ser Thr Leu 
240 



<210> 33 

<211> 450 

<212> DNA 

<213> Cowdna ruminant iurr. 

<220> 

<221> CDS 

<222> ( I ) . . ( 4 4 7 - 

<400> 33 

atg cat aga tea aat att att gaa att ttt ata gga ttc eta gtg tta 48 

Met His Arg Ser Asn He He Glu He Phe He Gly Phe Leu Val Leu 

1 5 1C 15 

gca gga gca ata tct att gag ata ata gca ttt aac aaa tta cca tat 96 
Ala Glv Ala He Ser He Gly He He Ala Pne Asn Lys Leu Pre Tyr 
2C " 2 5 3C 

aaa aat ac: ttg cat aat tct tat aca gtt aaa gca ttt ttc tea aat 144 
Lys Asn Thr Leu Arg Asn Cys Tyr Thr Val Lys Ala Pne Phe Ser Asn 
-3 ^ 4 C 45 
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gta gat ggg ttg gac ata gga gat gaa gta aca ata tea gga gta aaa 192 
Val Asp Giy Leu Asp lie Gly Asp Glu Val Thr lie Ser Gly Val Lys 
50 55 60 

ata ggt aca gta act tea ata tea ttg aat gaa age tat act cct ata 240 
He Gly Thr Val Thr Ser He Ser Leu Asn Glu Ser Tyr Thr Pro He 

65 70 75 80 

gta aca atg tgc ata cag aaa aat ate tta eta cct tea gat agt tea 288 
Val Thr Met Cys He Gin Lys Asn He Leu Leu Pro Ser Asp Ser Ser 
85 90 95 

gca tct ata tta aac age aat atg tta gga aaa aag cac att gat ate 336 
Ala Ser lie Leu Asn Ser Asn Met Leu Gly Lys Lys His lie Asp He 
100 105 110 

gaa ctt gga tea gat caa gaa gtc ate gta agt gaa ggt tta ata gaa 384 
Glu Leu Gly Ser Asp Gin Glu Val He Val Ser Glu Gly Leu He Glu 
115 120 125 

cat aca cat tea gat tta agt ttc aat gca att att get aaa ata ata 432 
His Thr His Ser Asp Leu Ser Phe Asn Ala lie lie Ala Lys He He 
130 135 140 

gat tea ctt att aag tag 450 

Asp Ser Leu He Lys 

145 



<210> 34 
<211> 149 
<212> PRT 

<213> Cowdria ruminant ium 
<400> 34 

Met His Arg Ser Asn lie lie Glu He Phe lie Gly Phe Leu Val Leu 
15 10 15 

Ala Gly Ala He Ser He Gly lie lie Ala Phe Asn Lys Leu Pro Tyr 
2 0 2 5 3 0 

Lys Asn Thr Leu Arg Asn Cys Tyr Thr Val Lys Ala Phe Phe Ser Asn 
35 40 45 

Val Asp Gly Leu Asp He Giy Asp Glu Val Thr lie Ser Gly Val Lys 
50 55 60 

He Gly Thr Val Thr Ser lie Ser Leu Asn Glu Ser Tyr Thr Pre lie 

65 70 75 80 

Val Thr Met Cys lie Gin Lys Asn lie Leu Leu Pro Ser Asp Ser Ser 
65 90 95 

Ala Ser lie Leu Asn Ser Asn Met Leu Gly Lys Lys His lie Asp He 

IOC 105 11C 
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Glu Leu Gly Ser Asp Gin Glu Val lie Val Ser Glu Gly Leu He Glu 
HE 120 125 

Hrs Thr His Ser Asp Leu Ser Phe Asn Ala He He Ala Lys He He 
13 C 135 14C 

Asp Ser Leu He Lys 
14 5 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 



1. Claims: 1-24 



,1. Claims: 1-2,6-7,10-11,17-19,21-22 (all partially) 
A composition comprising a polynucleotide encoding an 
antigen from Rickettsia spp. and methods for using it 
in protection of a host against a disease or death, or 
in diagnostic. 



1.2. Claims: 1-4,6-13,17-24 (all partially), and claims 5, 
15 (totally) 

Compositions comprising SEQ IDs 3,4; 7,14; 8,15; 9,16; 
10,17; 11,18 and 22,24 (corresponding to the MAPI, 
VSA1 to VSA5 and MAP2 antigens from Ehrlichia 
chaffeensis) and methods for using them in protection 
of a host against a disease or death, or in diagnostic. 



1.3. Claims: 1-4,6-13,17-24 (all partially) 
Compositions comprising SEQ IDs 12,19; 13,20 and 21,23 
(corresponding to the VSA1, VSA2 and MAP2 antigens 
from Ehrlichia cam's) and methods for using them in 
protection of a host against a disease or death, or in 
diagnostic. 

1.4. Claims: 1-4,6-13,17-19, 

21-24 (all partially) and claim 16 (totally) 

A compositions comprising SEQ IDs 4 and 5 
(corresponding to the MSP-4 antigen from Anaplasma 
marginal e) and methods for using it in protection of a 
host against a disease or death, or in diagnostic. 

1.5. Claims: 1-4,6-13,17-19, 

21-24 (all partially) and claim 14 (totally) 

Compositions comprising SEQ IDs 1,2 and 25,26 
(corresponding to the antigens MAPI and MAP2 from 
Cowdria ruminantium) and methods for using them in 
protection of a host against a disease or death, or in 
diagnosti c. 

2. Claims: 1-4,6-13,17-19,21-24 (all partially) 

A composition comprising SEQ IDs 27 and 28 (corresponding to 
the lhworf3 antigen from Cowdria ruminantium) and methods 
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for using it in protection of a host against a disease or 
death, or in diagnostic. 



3. Claims: 1-4,6-13,17-19,21-24 (all partially) 

A composition comprising SEQ IDs 29 and 30 (corresponding to 
the 4hworfl antigen from Cowdria ruminantium) and methods 
for using it in protection of a host against a disease or 
death, or in diagnostic. 



4. Claims: 1-4,6-13,17-19,21-24 (all partially) 

A composition comprising SEQ IDs 31 and 32 (corresponding to 
the 18hworfl antigen from Cowdria ruminantium) and methods 
for using it in protection of a host against a disease or 
death, or in diagnostic. 



5. Claims: 1-4,6-13,17-19,21-24 (all partially) 

A composition comprising SEQ IDs 33 and 34 (corresponding to 
the 3gdorf3 antigen from Cowdria ruminantium) and methods 
for using it in protection of a host against a disease or 
death, or in diagnostic. 



Please note that all inventions mentioned under item 1, although not 
necessarily linked by a comnon inventive concept, could be searched 
without effort justifying an additional fee. 
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